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PREFACE 



The subject of this volume is one that has made 
great progress during the last few years, not only in 
the mechanism of the instrument, but also in the 
methods of using it to the best advantange. In the 
present day the ophthalmoscope is almost as neces- 
sary to the physician as it is to the ophthalmic sur- 
geon, since many serious general diseases may first 
be detected by changes taking place in the fundus, 
frequently without any subjective symptoms ; thus 
the importance and usefulness of the instrument is 
greatly extended. 

In introducing this small work to the profession, I 
do so in the hope that it may be found useful not 
only to the ophthalmic students who, in London and 
other large medical schools, have the advantage of 
practical demonstrations on the subject, but also to 
the large class of practitioners whose opportunities of 
seeing cases are few and far between, and who may 
desire to learn the use of the ophthalmoscope when 
practical instruction is out of their reach. 



While hoping that the description given will be 
found sufficiently clear and elementary to enable the 
most inexperienced to understand it, I trust that 
even the advanced student may find some help and 
instruction. 

The arrangement of the book is simple and syate- 
matic, and an endeavour has been made to keep it 
small, so that it may be conveniently carried in the 
pocket for reference in the out-patient room j and 
this, perhaps, constitutes one of its chief advantages. 
The work is profusely illustrated with woodcuta— i 
matter of some importance, as it is almost imposaibk 
to make the subject clear without them, especially t' 
those of my readers who may not have access to f 
instructor; illustrations, although in many instanc 
conveying only a somewhat imperfect idea, certain 
impress the subject on the student's mind. A sligl 
knowledge of optics is essential, and therefore tl 
first chapter from my work on the ' Refraction of ' 
Eye ' is reproduced, and several of the woodcuts fr 
that hook are doing duty again. 

G.I 

65, Obbbn Stbbkt, Pakk LiNB, W. ; 
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THE OPHTHALMOSCOPE 



CHAPTER I 

OPTICAL PRINCIPLES INVOLVED IN THE USE OF THE 

OPHTHALMOSCOPE. 

Light is propagated from a luminous point in every 
plane and in all directions in straight lines; these 
lines of direction are called rays. Rays travel with 
the same rapidity so long as they remain in the same 
medium. 

The denser the medium the less rapidly does the 
ray of light pass through it. 

Rays of light diverge, and the amount of diver- 
gence is proportionate to the distance of the point 
from which they come ; the nearer the source of the 
rays the more they diverge. 

When rays proceed from a distant point such as the 
sun, it is impossible to show that they are not parallel, 
and in dealing with rays which enter the eye, it will 
be sufficiently accurate to assume them to be parallel 
when they proceed from a point at a greater distance 
than 6 mfetres. 

] 
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A ray of light meeting with a body may be absoihed; 
reflecled ; or if it is able to pass through this body, it 
may be refracied. 

Beflection 

Reflection by a Plane Surface 
Beflection takes place from any polished surface, 
ftnd according to two laws : 

1st. The angle of reflection is equal to the angle of 
incidence. 

2nil. The reflected and incident rays are both in 

the same planej which is perpendicular to the refiect- 

I ing surface. 




f 



I 



Thus, if A U be the ray incident at b, on the mirrc 

D, and B E the raj reflected, the perpendicular p 
will divide the angle a b E into two equal parts; ii 
angle a b p is equal to the angle r B K ; and a b, p 
and E B lie in the samo plane. 

"When reflection takes place from a plane sur 
the image is projected backwards to a distance b 
the mirror, equal to the distance of the object ii 
of it, the image being of the same size as the ol 

Thus in Fig. 2 the image of the candle C is f 
behind the mirror Ji, at c', a disfniice behi 




The image of the caudle so fonned by a plane , 
is called a virtual image. 

Rffiection hy a Concave Stivfitce 
A concave surface may be looked upon as made up 
[ of a number of planes inclined to each other. 

Parallel raya falling on a concave mirror are 
I reflected as convergent rays, winch meet on the axis 
at a point (f. Fig. 3) called the priiicipal focus, about 
equally distant from the mirror and its centre c. The 
distance of the principal focus from the mirror is 
called the focal length of the mirror. 
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If tlie luminous point be situated at f, tbeii the 
diverging rays would he reflected as parallel to each 
other and to the axis. 

If the point is at the centre of the concavity of the 
mirror (c), the rays return along the same lines, so 
that the point is its own image. 

If the point ho at A the focus will be at n, and it 
TuK-.i. 

will ho obvious that if the point Ije moved to a, its 
focus will be at A; these two points, therefore, A and 
IT, bear a reciprocal relation to each other, and are 
called conjugate foe!. 

If the luminous point is beyond the centre, its 
conjugate focus is between the principal focus and the 
centre. 

If the luminous point is between the principal 
focus and the centre, then its conjugate is beyond 
the centre; so that the nearer the luminous point 
approaches the principal focus, the greater is the 
distance at which the reflected rays meet. 

If the point be nearer the mirror than (c) the prin- 
cipal focus, the rays will he reflected aa divergent. 



BEFLliCTIOK 




\ and will tlifrefore never meet; if, liuwever, we con- 
tinue these diverging rays backwards, tlicy will miitB 
a point (u) Leliind the mirror; this point is called 




the virtual funis, and an observer situ;itcd in the path 
of reflected rays will receive them as if thoy came 
from this point. 

Thus it follows that- 
Concave niiiTors produce two kinds of images or 
none at all, according to the distance of the object, as 
.may be seen by looking at oneself in a concave mirror. 
If the mirror be placed nearer than its principal focus, 
then one sees an enlarged erect virtual image, which 
increases slightly in size as the mirror is made to 
recede; this image becomes confused and disappears 
as the principal focus of the mirror is reached ; on 
Inoving the mirror still further away (that is, beyond 
its focns) one obtains an enlarged inverted image, 
■which diminishes as the mirror is still further 
ithdrawn. 
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Brjlectiou by a Convex Surface 
Parallel rays falling on sucli a surface become 
divergent, hence never meet ; but if the diverging 
rays thus formed are carried backwards by lines, 
then an imaginary image is formed which ia called 
negative, and at a point called the priiicipal focus (f). 
Foci of convex mirrors are virtual ; and the image, 
whatever the position of the object, is always virtual, 
erect, and smaller than the object. 




The radius of the mirror is double the principal focus. 



R'fraction hy a Plane Surface 

A ray of light passing through a trauspare 
medium into another of a different density isrefi-ac* 
unless the i-ay fall perpendicular to the sur 
separating the two media, when it continues its r 
without undergoing any refraction (Fig. 6, h s) 



A ray is cnlled inctdtnt before passing into the 
second medium, emergent after it has penetrated it. 

A ray passing from a rarer to a denser medium is 
refracted towards the perpendicular ; aa shown iti Fig. 
6, the ray A b is refracted at B, towardu the perpen- 
dicular p p. 

In passing from the denser to the rarer medium the 
ray is refracted from the perpendicular, B D is refracted 
at c from p p (Fig. 6). 

Reflection accompanies refraction) the ray dividing 
itself at the point of incidence into a refracted portion 
(d c) and a reflected portion (b e). 



The amount of refraction is the same for any medium 
at the same obliquity, and ia called the index of 
refraction ; aii- ia taken aa the standard, and is called 
1 ; the index of refraction of water is I'S, that of glass 
1'5. The diamond has almost the highest refractive 
power of any transparent substance, and has an index 
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of refraction of 2'4. The cornea has an index of 
refraction of 1"3 and the lens 1'4. 

The refractive power o£ a transparent substance is^ 
not always in proportion to its density. 

If the aides of the medium are parallel, then all rays 
except those perpendicular to the surface which pass 
through without altering their course, are refracted 
twice, as at B and C (Fig, 6), and continue in the same 
direction after passing through the medium as they^ 
had before entering it. 

If the two sides of the refracting medium are not 
parallel, as in a prism, the rays cannot he perpendi- 
cular to more than one surface at a time. 

Therefore every ray falling on a prism must under- 
go refraction, and the deviation is always towards 
the base of the prism. 

The relative direction of the rays is unaltered 
(Fig. 7) 




If D M (Fig. 8) be a ray falling on a prism (a b c^ 
M, it is bent towards the base of the prism, assun 
the direction m n ; on emergence it is again bent ■ 
an observer placed at B would receive the ray a 
came from k ; the angle K H D, formed by the tv 
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, is called the aiiglo of deviation, and is about 
size of the priiicipal angle formtsd at A by the 
8 of the prism. 

Refraction by a Spherical Surface 
arallel rays passing through such a surface, si 
ig media of different densities, do not cont 
lUel, but are refracted, so that they meet 
t called the principal focus. 
parallel rays, k, d, e, fall on a b, a spherical 
separating the media m and n, of which n is 
ser; ray D, which strikes the surface of A n at r 
es, passes through without refraction, and is ca 
orincipal axis; ray K will strike the surface a 
Fia. 0. 

e, and will therefore be refracted towards 
endicular c J, meeting the ray d at p ; ray e wil 
icted in the same way, likewise all rays par 
edium h. The point p where these rays mee 
priiicipal focus, and the distance between 
cipal focus and the curved surface is spoker 
le iwineiptd focal distance. 
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Rays proceeding from r will be parallel in m after 
passing through the refracting surface. Kays parallel 
in medium N will focus at f", which is called the 
anterior focus. 

Had the rays in medium m been more or less diver- 
gent, thoy would focus on the principal axis at a 
greater distance thaa the pi'incipal focus, say at H, and 
conversely rays coming from H would focus at g ; 
these two points are then conjugate foci. 

When the divergent rays focus at a point on the 
axis twice the distance of the principal focus, then its 
conjugate will be at an equal distance on the other 
side of the curved surface. 

If rays proceed from a point o, nearer the surface 
than its principal focus, they will still be divergent 
after passing through A ii, though leas so tluui before, 




and will therefore never meet; by continuing th' 
rays backwards they will meet at l, so that the co' 
gate focus of o will be at l, on the same side a' 
focus ; and the conjugate focus will in this cf 
spoken of as negative. 



Rp fraction hy Lenses 

Refraction by lenses is somewliat more coiiiplicatoil. 

A lens is au optical contrivance usually made of 

glass, and consists of a refracting mediam with two 
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opposite surfaces, ono or Ijofli of which may be 
segments of a sphere; they are therefore called 
spherical lenses, of which there aro six varieties : 

1. Plano-convex, the segments of one sphere (Fig. 

2. Biconvex, segments oE two spheres (Fig. 11, a). 

3. Converging concavo-convex, also called a con- 
verging meniscns, 

4. Plano-concave. 

5. Biconcave. 

6. Diverging concavo-convex, called also a diverg- 
ing meniscus. 

Lenses may be looked upon as made up of a number 
of prisms with different refracting angles — convex 
lenses, of prisms placed with their bases together; 
concave lenses, of prisms with their edges together. 

A ray passing from a less refracting medium (as 
air) through a lens, is deviated towards the thickest 
part, therefore the first three lenses, which aro 
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thickest at tlie centre, are called converging ; and tltdiB 
others, which are thickest at the borders, dicerghig. 





Aline passing through the cuntre of the lens (called 
the opticdl centra) at right angles to the surfaces of 
the lens is termed the principal axis, and any ray 
passing thr,ougli that axis is not refracted. 
All other rays undergo more or less refraction, 
Rays passing through the optical centre of a lens^ 
hut not through the prinoipal axis, suffer slight d( 
viatioii, but emerge in the same direction as the; 
entered; the deviation in thin lenses is so slight tbatj 
they are usually assumed to pass through in a straight 
line ; these are called aecondary axes {Fig. 13}, 
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Lenaea with secondtLry iixes undergoing slig-ht devit 



■ BICONVEX LENBES 13 

W parallel rays falling on a biconvex lens are rendered 

convergent; thus in Fig. 14 the raya a, b, c, strike the 

surface of the lens (l) at the points d, e, v; the centre 

Fiu. It. 

ray (b) falls on the lena at k perpendicular to its snr- 
facej and therefore passes through in a straight line ; 
it also emerges from the lens at right angles to its 
opposite surface, and so continues its course without 
deviation ; but the ray A strikes the surface of the lens 
obliqittely at D, and as the ray is passing from one 
medium (air) to another (glass) which is of greater den- 
sity, it is bent towards the perpendicular of the surface 
of the lens, shown by tlie dotted line m k ; the ray after 
deviation passes through the lens, strikingits opposite 
surface obliquely at o, and as it leaves the lens, enters 
the rarer medium (air), being deflected from the per- 
pendicular N ; it is now directed to h, where it meets 
the central ray b h; ray c, after undergoing similar 
refractions, meets the other rays at h, and so also all 
parallel raya falling on the biconvex lens (l). 

Parallel raya, therefore, passing through a convex 
lens (),, Fig. 15) are brought to a focus at a certain 
jfixed point (a) beyond the lens; this point is called 
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the principal focus, and ttie distance of this focus from 
the lens is called tho focal length of the lens. i 




Raj's from a luminous point placed at the principal 
focus (a) emerge as parallel after passing through 
the lens. 

Divergent rays from a point (b) outside the principal 
focus (f, Fig. 16) meet at a distance beyond (f') the 




principal focus on the other side of the lens (l), anr 
if the distance of the luminous point (b) is equal ' 
twice the focal length of the lens, the rays will foci 
at a point (c) the same distance on the opposite sic 
of the lens, rays coming from c would also focus 
n; they are therefore called conjugate foci, for 
can indifferently replace the image (c) by the ol 
(b) and the object (b) by the image (c), 
M If the luminous point (d) be between the le- 



the principal focus (f), then the rays will issue from 
the lens divergent, though leas so than before enter- 
ing; audif we pl-olong them backwards they will meet 
at a point (h) further from the lena than the point d ; 
H will therefore be the virtual focns of Dj and the con- 
jugate focus of D may be spoken of us negative. 

Biconvex lenses have therefore two principal foci, 
p and p', one on either side, at an equal distance from 
the centre. 

In ordinary lenses, and those in which the radii of 
the two surfaces are nearly equal, the principal focus 
closely coincides with the centre of curvature. 

We have assumed the luminous point to be situated 
on the principal asis; supposing, however, it to be 
one side of it as at B (-Fig. 17), then the line (e f) pass- 
ing through the optical centre (c) of the lens ( 




secondary axis, and the focus of the point e will ho 
found somewhere on this line, say at f, so that what 
has been said respecting the focus of a luminous 
point on the principal axis (a b) is equally true for 
points on a secondary axis, provided always that the 
inclination of this secondary axis is not too great 
when the focus would become imperfect from much 
—.spherical aberration. 



In biconcave lenses the foci are alwayi 
whatever tlie distance of the object. 

Rays of light parallel to the axis diverge after 
refraction, and if their direction be continued back- 
ward, they will meet at a point termed the principal 
focus (Fig. 18, 







Fig. 19 shows the refraction of parallel rays by a 
biconcave lens (l) ; the centre ray b strikes the lens 
at E perpendicular to its surface, passing through 
without refraction, and as it emerges from the oppo- 




site side of the lens perpendicular to its surface, 
continues in a straight line; the ray a strikes ' 
lens obliquely at i> and is refracted towards 
perpendicular, shown by the dotted line o H j th( 
after deviation passes through the lens to k, w 
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in entering the iiiodium of leas density obliqufly, it 
s refracted from the perpendicular o p, in the direc- 
$ioii K M ; the samo takes place with ray c, at f and 
ilao with all intermediate parallel rays. 
Formation of Images. — To illustrate the formation of 
►images tho following simple experiment may be 
■ carried out. Place on one side of a screen having a 
l:8mall perforation, a caudle, and on the other aide a 
iheet of white cardboard at some distance from the 
. Screen, to receive the ' image formed ; rays diverge 
from the candle in all directions, moat of those falling 
on the screen are intercepted by it, but some few 
rays pass through the perforation and form an image 
of the candle on the cardboard, the imago being 
inverted because the rays cross each other at the 

IDriiice; it can further be shown that when the candle 
Fio. 20. 
and cardbo-trd ire equally distant from the perfo- 
rated s reen tl e candle flame and its image will be 
of the "^a e 8 ze If the cardboard be moved further 
from the j erforation the image is enlarged, if it be 
m ved I carer t a diminished ; if we make a dozen 
more, perforit i s in the screen, a dozen more images 
will be formed on the cardboard, if a hundred, then 
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a, hundred; but if the apertures couie so close 
together that the iiuugea overlap, then instead of so 
many distinct images we get a general illumination of 
the cardboard. 

The image of an object is the collection of the foci 
of its several points ; the images formed by lenses are, 
as in the case of the foci, real or virtual. Images 
formed, therefore, by convex lenses, may be real or 
virtual. 

In Fig. 21, let a u be a candle situatt'd at an 
infinite distance; from the extremities ^of ad draw 




two lines passing through the optical centre (c) of a 
biconvex lens, the image of A will be formed some- 
where on this line A c « (termed a secondary axis), say 
at a ; the image of b will be formed on the line b c fcj 
say at b ; therefore & a is a small inverted image o' 
the candle a b, formed at the principal focus of tl 
convex lens. Had the candle been placed at tw' 
the focal distance of the lens, then its image wt 
be formed at the same point on the opposite i 
of the lens, of the same size as the object, and 
verted. 
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If the caiidlt! be at the principal fuciia (r), tlitii tho 
image is at an infinite distance, the raya after refrac- 
tion being parallel. 

If, however, the candle (a b) be nearer the lens 
than the focus, then the rays which diverge from the 
candle will, after passing tlirough the convex lens, be 
still divergent, so that no image is fonned; an eye 
i at E would receive the rays from a li as if they 




L Vii'liml iui.ige furiucl by couvux laas, 

Pcame from ah; « b is therefore a virtual image of 
A B, erect and larger than the object, and formed on 
the same side of the lens as the object. 



I 




Virtual ima^ farmed bj concave lens. 

Images formed by biconcave lenses are always 

'irtual, erect, and smaller than the object; let a b be 
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a candle, and f the principal focus of a biconcave 
lens ; draw from A B two lines through c, the optical 
centre of the lens, and lines also from a and b parallel 
to the axis; after passing through the lens they 
diverge and have the appearance of coming from a b, 
which is therefore the virtual image of A b. 

A real image can be projected on to a screen, but 
a virtual one can only be seen by looking through 
the lens. 
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Whkk an eye is looked at, the pupil appears black 
although the media are perfectly transparent ; this is 
because the rays entering the eye return to the point 
from which they emanate, and therefore, unless the 
observing eye can be placed in the path of returning 
rays, none of them will pass through the observer's 
pupil, and so no illumination will be seen. 



In Fig. 24 raya will be seen entering the eye from 
' candle A, and since the refractive system of the eye 

is exactly adjusted for the candlo flame, the rays 
' returning from the eye will traverse the same path as 

those entering it; if the eye be not adapted for the 

candle flame, then the rays will return towards the 

source of light. 
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In the albino, as in the white rabbit, the pupil may 
appear illuminated ; this is due to the transparency 
of the iris, so that the returning rays cover a 
area than is the case when passing through an ordinaiy' 
pupi], then some of the outer rays may pass through" 
the observer's pupil, i£ hia eye be placed nearly in the 
line of light from which the observed eye receives its 
rays: that this is the correct explanation can easily 
be proved by covering up the part corresponding to 
tlie iris by an opaque diaphragm, when the pupil will 
at once appear black, as in the normal eye, 
hypermetropia and myopia with a dilated pupil, one 
frequently gets a slight fundus illumination. This is 
illustrated in the following figures. 

In hypermetropia, Fig. 25, the returning rays. 




instead of being parallel as in emmetropia, diverge 
somewhat, so that the observing eye placed at B 
would receive some of the returning rays. 

In myopia. Fig. 26, the returning rays converge, 
cross, and diverge, so that the eye placed at B would 
receive some illumination, I 

The ophthalmoacope is a contrivance which enables f 
the observing eye to be placed in the path of the re- ' 
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turning rays, and consists of a reflector with a hole h 
the centre. 

Fig. 2G. 




Although the invention of the oplithalmoscope 

is of recent date, it had long been known that the 

' eye was illuminated by rays entering the globe, 

I and it was thought that these rays were entirely 

I absorbed by the pigment contained in the retina and 

i choroid, but it was afterwards pointed out that some 

parts, such as the disc, must even then reflect some 

. light, and that the apparent blackness of the pupil 

must be due to the optical law " Ihat rays of light 

[ leaving the eye, return towards the source of illnmi- 

\ nation," so that unless the eye of the observer can be 

[ placed in the path of the returning rays, no illumina- 

I .tion can be obtained. Briicke was very nearly solving 

[ the problem by placing a tube through the flame of a 

mdle, which enabled him, on looking through it, to 

■ eatch some of the returning rays of light; but it re- 

Ptnained for Helmholtz to overcome the difficulty by 

liproducing his first ophthalmoscope. 

Helmholtz'a ophthalmoscope, which he introduced 
1 18-51, was composed of three pieces of plane glass. 
Pig. 27, 
Eays reflected from a light rt, are projected into 



r 
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the eye B, by the mirror m, the light returning from 1 
the observed eye by the same path will fall on the 
glass >i, a ])art is rcilucteii to a, and a part passes 




through the glass towards c ; au ohserying eye placed 
behind the mirror willj therefore, receive some of the 
returning rays. 

Ophthalmoscopes liave undergone numerous modi- 
fications, and the instrument with which we now 
work consists of a silvered concave glass mirror, with 
a central perforation. 

In Fig. 28, divergent rays from a candle c, falling 
on the mirror M, are rendered convergent, and when 
reflected into the eye E, cross in the vitreous and 
light up the fundus between the points g and D; if 
point H of this illumined area he taken, the rays 
will {in the emmetropic eye) issue parallel, and pass- 
ing through the sight-hole of the mirror, will enter 
the observing eye a, forming on the retina at h' an 
image of H. 

The amount of fundus illumination obtained will 




I 
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necessarily depend upon the source and intensity of 
tho liglit, the concavity of tlie mirror used, the dia- 



m 



I tance from the eye at ivliifli the examination is made, 
1 and tlie size of the pupil in the obwervcd eye. 
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Modern ophthalmoscopes are fitted with a series of 
lenses, which can be revolved in front of the sight- 
hole ; these are known as refracting ophthalmoscopes. 
Many good ones have been devised, varying but 
slightly in some or other minor particulars. 

The essential points of a thoroughly complete 
ophthalmoscope are, that it should be supplied with 
three mirrors, — a small concave, a large concave, and 
a plane one ; together with a fairly complete set of 
lenses, which can be brought in front of the sight-hole 
of the instrument as occasion requires. 

(1) The small concave mirror is for the direct 
examination; it should have a focus of about 7*5 cm., 
so that light reflected from it will enter the eye 
as convergent rays. The sight-hole should not be 
larger than 2 J mm., because only that part of the 
mirror which immediately surrounds the aperture 
is available in the direct examination, and should 
the sight-hole be larger than the pupil, then no 
fundus illumination will be obtained. The small 
mirror may be conveniently tilted about 25°; this 
allows the ophthalmoscope to be held perfectly 
straight while the light is reflected into the observed 
eye, enabling one to look through the lens which 
may be behind the sight-hole at right angles to its 
surface. With the old-fashioned mirror the ophthal- 
moscope itself had to be tilted towards the light, 
and with it, of course, the lenses, so that they were 
looked through obliquely, and thus the strength of 
the lens was increased and some astigmatism pro- 
duced ; hence the estimation of the refraction by the 
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direct method was liable to be inaccurate. The 
disadvantage of some tilted mirrors is the distance 
that intervenes between the two sides of the sight- 
hole, technically called " tunnelling ^^ ; this tunnelling 
somewhat diminishes the size of the field seen, but, 
what is more important, prevents the eye of the 
examiner from approaching sufficiently near that of 
the person examined; and it may be stated as an 
axiom, thai the nearer the observing eye can approach 
the ohservedy the moi^e accurate will he the estimation of 
the refraction, 

(2) The large concave mirror is for the indirect 
method of examination ; it should have a focal length 
of 25 cm., so that rays from a light situated 25 cm. 
from the mirror will be reflected parallel ; when the 
light is further off than 25 cm. then the rays will be 
slightly convergent; this mirror may possess an 
aperture of 3 or 3 J mm. 

(3) The plane mirror is useful for retinoscopy, 
for the examination of the vitreous, and for high 
myopia; with this mirror rays of light coming 
from a lamp at a finite distance, will be reflected 
into the eye as divergent rays. 

The ophthalmoscope should be supplied with a set 
of lenses, which can in turn be brought behind the 
sight-hole by means of a finger-wheel; this wheel 
should be so made and placed, that it may be rotated 
easily while the instrument is in position without 
losing sight of the fundus. The lenses may be some- 
what as follows : a convex series + '5 D., + 1 D., 
increasing by one dioptre up to + 10 D.; and a 
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concave series — '5 D., - 1 D., increasing by one 
dioptre up to — 12 D., and then by two dioptres up 
to — 20 D. Sometimes a higher glass may be re- 
quired ; these may be supplied on a separate disc ; 
the lenses in this disc may, by combination with the 
other lenses, form a very large series. 

The lenses should not be less than 6 mm. in 
diameter, otherwise they are difficult to centre pro- 
perly, and cannot be easily cleaned — a point of some 
importance ; they may occasionally be used for the 
subjective test of estimating the visual acuteness, 
should the box of trial lenses not be at hand. 

It will be sufficient here to describe and to figure 
one of the ophthalmoscopes in general use, though 
numerous other good instruments will be found in 
this country and abroad. 

Morton's ophthalmoscope, shown in Fig. 29, is 
a modification of an instrument introduced by Mr. 
Couper ; it contains a series of twenty-nine lenses in 
metal rings, and one metal ring without a glass ; 
these run round a continuous channel, and are so 
arranged that each can be brought successively 
in front of the sight-hole by means of a driving 
wheel. 

When no lens is required, then the empty ring 
occupies the sight-hole ; these lenses touch each 
other sideways, but are not fixed in any way ; on the 
spindle that carries the driving wheel is another 
wheel with teeth, which propel the lenses round the 
instrument; a spring and notch attached to the 
driving wheel centres each lens as it arrives at the 
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sight-liole. The strength of the glass before tlie 
sight-hole is recorded hy an index wheel, which, 
being geared to the driving wheel, keeps pace with 
it, and therefore with the lens series. 'J'he niinns 
glasses are contained in white rings, and are in- 
dicated by white numbers; the convex glasses are 
in red rings and have red numbers. 




ul 




Tliia acrius of lenses is usually sufficient for most 
ordinary purposes, but occasionally other lenses are 
required, and are provided on a special disc. Some- 
times a strong convex glass is required for the 
examination of the cornea or lens; at other times a 
strong concave lens is necessary for a case of high 
myopia. This separate disc, therefore, has a -f- 20 D. 
and a — 50 D, so placed that they can be instantly 
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put in front of, or removed away from the sight-hole, 
without rotating the whole series of lenses. On this 
same disc are also a + 'o D. and a — 10 D. : the 
former of these enables one to estimate to within 
half a dioptre in special cases; and the latter, by use 
in conjunction with other concave lenses contained in 
the series, gives us from — 1 D. to — 20 D., with in- 
tervals of one dioptre, and — 20 D. to — 30 D., with 
intervals of two dioptres. This disc is well shown in 
the illustration. The instrument is supplied with 
three mirrors; a large concave one of 25 cm. focus, 
and a small tilted one of 7*5 cm. focus ; these are fixed 
by a pivot, so that either can be turned in front of 
the sight-hole as occasion requires : the large concave 
mirror can be replaced, when necessary, by a plane one. 

The movement in this ophthalmoscope is a great 
improvement over the method formerly employed, of 
placing the lenses in a revolving wheel. The credit 
of this ingenious invention is due to Mr. Couper, who 
was much assisted by Mr. Paxton, of the firm of 
Curry and Paxton. 

M. Parent, of Paris, has recently brought out a 
very beautiful instrument, combining the advantages 
of all the recent ophthalmoscopes, and fitted with a 
series of cylindrical lenses in addition to the ordinary 
spherical series. M. Parent strongly advocates the 
use of cylindrical lenses for the estimation of the 
refraction in cases of astigmatism by the direct 
method. 

Lang's ophthalmoscope is also used a good deal in 
this country, and is a very convenient instrument. 
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A useful concave mirror to carry in the waistcoat 
pocket is shown in Pig. 30. Another convenient form 
is the double mirror, one concave, of 25 cm. focusi 
and the other plane; one slides over the other, so 
that they mutually protect each other and require no 




The student also requires a large biconvex lens 
(+ 13 D.), which is necessary for focal illumination 
and the indirect method of examination. 

A magnifying glass made by cementing together 
one crown glass lens with two Hint glass lenses, and 
"having a focus of l-o cm,, is of great assistance in 
examining the cornea, iris, and lens. 

Demonstrating ophthalmoscopes are also made, but 
need not be described. 
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CHAPTER III 

METHODS OP EXAMINATION 

The incandescent focal lamp of sixteen-candle 
power, and the ordinary gas Argand burner, are both 
suitable lights for ophthalmoscope work ; they should 
be arranged on a bracket which is capable of up and 
down as well as lateral movement, while the arm of 
the bracket should be sufficiently long to allow the 
light to be placed on either side of the patient with- 
out his having to move. When these lights are not 
to be obtained, an ordinary oil lamp may be used. 
The patient should be seated on a chair, while the 
observer may conveniently use a music stool, the 
height of which can be altered as occasion requires ; 
some observers prefer to stand when making an exa- 
mination. A dark room is also an advantage. 

In many cases it is necessary to dilate the pupil 
with a mydriatic ; one that acts quickly and fully, 
and the effect of which soon passes off, is to be pre- 
ferred. 

The most convenient combinations are — 

P) HomatropinsB Hydrobromatis, gr. iv. 

Cocainae Hydrochloratis, gr. x. 

Acidi Salicylici, gr. j. 

Aquffi DestiUatse, 5j« 
Ft. guttse. 
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P) Euphthalmine Hydrochloratis, gr. v. 

Aoidi Salicylic!, gr. j. 

Aquse Bestillatse, ^j* 
Ft. guttse. 

A drop of either of these solutions will produce full 
dilatation in a short time, and the effects pass off in two 
or three hours. Of course in many cases no mydriatic 
is required, but when a thorough examination is 
necessary it is a great advantage to examine the eye 
through a well-dilated pupil; this is especially the 
case when some changes have been detected in the 
fundus, and further information is desired by a 
more searching examination, carried out under the 
most favourable conditions. 

But the student should learn not to rely too much 
upon these minor aids, but accustom himself to 
examine the fundus in various positions and under 
different surroundings, with or without a mydriatic. 

It is recommended that every opportunity be taken 
to make repeated ophthalmoscopic examinations, and 
where a large number of patients is not to be met 
with, Frost^s artificial eye (Fig. 31) will be of great 
service in enabling the student to acquire the neces- 
sary associated movements, as well as to understand 
and appreciate many points of importance with regard 
to the size and formation of the images in the various 
conditions of refraction. 

The first thing for a beginner to do is to familiarise 
himself with the variations of the normal fundus. Very 
great differences are met with; as numerous almost as 
the various shades of hair found in the human race. 

3 
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^H Besides, even in those caaes where tlie visna 

^B acutenesa is normal, and no symptoms indicative of 

^H disease are present, gross changes may be found, or 

^H congenital peculiarities may exist which ought not to 

^H he missed. 
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is the method of procedure ; abnormal cases are 
looked at first, varied only very occasionally by a 
normal case. 

In undertaking an ophthalmoscopic examination, it 
should be conducted quietly and without hurry ; a 
number of students standing round anxious to look 
at the same case is not conducive to a thorough exa- 
mination. A regular routine is absolutely necessary ; 
accuracy and confidence are thereby attained. 

First, examine the cornea, iris, and lens by focal 
illumination ; then the large concave mirror is used id 
a distance of about two thirds of a metre, and this may 
give an indication of the refraction of the eye, and 
allow the condition of the vitreous to be ascertained ; 
then follows the indirect method or the examination 
of the inverted image, which enables that part of the 
fundus which is within reach of the ophthalmoscope 
to be readily scanned ; the examination is completed 
by the direct method or the examination of the upright 
image, which gives a much larger image and allows 
minute changes, not visible by the indirect method, to 
be detected, while at the same time it allows of an 
estimate of the refraction being made. 

When any change has been detected in the cornea, 
iris, or lens, this may conveniently be examined with 
the oblique mirror, having a + 20 D. behind the 
sight-hole of the ophthalmoscope, and approaching 
close to the patient as with the direct method ; when 
the iris and lens are examined in this way, a some- 
what weaker glass may be used, + 16 D. 
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Focal lUnmination 




The patient being seated opposite a good artificial 
light, the observer takes up the large biconves lens 
of 13 D. between the thumb anil forefinger of one 
hand, and concentrates the light obliqnoSy on the 
cornea, iris, and crystalline lens successively. By 
this means opacities and iiTegulai'ities of the cornea, 
affections of the iris, opacities of tbe lens, and even 
disease involvingthe anterior part of tbe vitreous may 
be detected. To examine every part of the lens and 
tbe vitreous, it is absolutely necessary that the pupil 
be dilated with a mydriatic. Then, tumours of the 
ciliary region, vitreous opacities, sparkling Kynchysis, 
and even detached retina, may be seen. 




*._, -L../ing tbe position of the light and of the eye 
ider examination, every part can be thoroughly in- 
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spected. When the deeper parts of tlie lens and the 
vitreous are examined, the light must be thrown into 
the eye at right angles to the cornea, as shown in 
Fig. 32. 




One great advantage o£ focal illumination is that 
everything is seen of its real colour and in its true 
position. 

This examination may with advantage be supple- 
mented by using a second lens before the eye as a 
magnifying glass, or, still better, the small achro- 
matic glass made for that purpose and referred to on 
p. 31. (Fig. 33.) 



THE OPIITHAI.JIO! 



The Large Concave Uiiror at a Distance 

The liglit should now be placed on one side of the 
patieiitj on a level with the head and slightly behind, 
so that DO direct liglit falls on Iiia face ; the observer, 
sitting opposite, places before his eye tlie large i 
mirror, and at a distance of about two thirds of a. 
metre reflects the light into the eye he wishes to exa- 
mine ; nsually a red reflex is obtained, but no details 
will be visible because rays are received only from 
one point of the fundus : should any of the vessels or 
a part of the disc be seen, then we shall know that 
the eye under examination is ametropic, and the 
observer is receiving rays from two points. 

Because in emmetropia (Fig. 34), the raya which come fi-om 
the two estreiuities of the disc (a b) emerfje ub two sets of 




parallel rays m tbe same direction its the rays A c, B D, wliich, 
haying passed through the nodal point, undergo no i-efi'action. 
These two sets of lujs soon diverge, leaving a space between 
them, so that an observer, unless he be quite close to tlie 
observed eye, is unable to receive rays from more than one 
point; therefore at a distance fi-om the eye tbe o1>seiTer e 
only a. diffused and bluii-ed image. 

In hypermetropia (Fig. 35) the rays froni the two points (A b) 
emerge from the eye ia two sets of diverging rays, in 
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direction as tbe rays A c, B D, wLich imdevgo no refraction. 
These diverging rays liave tlie appeiii-jnce of coming from two 
poinf« (a b) beliind the eye, where an ereet iiniiginary iniiige jb 
formed (a b). 




1 



Here the observer at a diatjince sees a cleai', erect image, 
which is formed behind the eye. 

In myopia (Fig. 3*!), the rays from the two points (a b) emei^e 




as two uuiivei-giny sets uf i-ays, which meet at a b uu their 
secondary aKea,thus forming an inverted image infront of tbe 
eye. This image can be distinctly seen hy the observer if Le 
he at a sttSicient distance frem the point, and accommodating 
for the particular spot at which the aerial image is formed. The 
higher the myopia tlie neaier to the eye will this image be 
formed. 

From tlie above ohsei-vations it will be understood that if the 
obseiTer now move hia head from side to side, and the vessels of 
the disc ai-e seen to move in the same direction, tbe case would 
be one of hypermetropia, the image foimed being an erect one. 
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Had the vessels moved in the opposite direction to the 
observer's head the case would be one of myopia, the image 
being an inverted one f onned in the air in front of the eye. 

If the vessels of one meridian only are visible, then we have 
a case of astigmatism, hypermetropic if moving in the same, 
and myopic if moving in the opposite direction to the observer's 
head, that meridian being ametropic which is at right angles 
to the vessels seen. 

In mixed astigmatism the vessels of one meridian move 
against the observer's movements, and those of the other 
meridian with them ; this is difl&cult to see. 

Should no fundus reflex be obtained when the light 
is thus properly reflected into the eye, the case may 
be one of haemorrhage into the vitreous, or other 
serious lesion ; but the reflex may be good, and yet it 
may appear irregular by the presence of black spots 
here or there; in this case probably some opacity 
exists in the cornea, lens, or vitreous, which interferes 
with the returning rays of light, and so appears 
black, whatever the real colour of the opacity may 
bo ; and if nothing was seen by careful inspection 
with focal illumination, the opacity is in all proba- 
bility situated in the vitreous ; this is certainly the 
case if the opacity is floating. The movements of 
these floating opacities will be more conspicuous if 
the patient be directed to first look upwards, then 
downwards, and finally straight in front of him ; the 
rate of movement will be a guide as to the consist- 
ency of the vitreous. 

Sometimes the vitreous opacities may be so thin 
that some of the returning light may pass through 
them; they will then appear more or less white or 
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pink; occasionally light may be reflected from the 
surface of the opacity, and then it will appear white 
and more or less glistening; this is the case when 
chlolesterine or tyrosin crystals are present. 

The Indirect Method 

The examination with the large concave mirror at 
a distance, which has taken some time to describe, 
occupies only a very short time, and we pass on 
without a break to the indirect examination. With 
the large concave mirror still before the observer's 
eye, lighting up the eye under examination, the 
biconvex lens which was used for the focal illumina- 
tion is held up between the mirror and the patient's 
eye at about its focal distance from the latter; an 
inverted image of the fundus will thus be obtained, 
magnified about five diameters : the amount of 
magnification depends upon the strength of the 
objective used; the stronger the lens, the less is the 
image magnified, and therefore the greater the field 
that comes into view. The size of the field that can 
be seen at once will depend upon the strength and 
size of the object-glass : thus, with a dilated pupil 
and a lens of + 13 D., having a diameter of about 5 
cm., the size of the field will be about 8 mm., or four 
times as large a field as will be seen by the direct 
method. 

The image formed by the lens will in the case of 
emmetropia be at the focus of the convex glass, 
between it and the observing eye, so that the learner 
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has to reiiiember to accommodate for tlie image at 
this distance. 

It is convenient to use the mirror before the right 

eye with the right hand when examining the patient's 

right eye, and before the left eye with the left hand 

Fio. 37. 




when examining the patieiit'a left eye; then the 
objective will be held between the finger and thumb 
of the opposite hand. This may be steadied if neces- 
sary by resting the little finger against the forehead. 
By adopting this procedure the hand holding the 
objective is not over the patient's face. Some ob- .. 
ser^'ers, however, always use the same eye for the 
indirect examination ; thus if the riglit be tlie one 
preferred, the observer will always hold the ophthal- 
moscope in his right hand, using the objective with 
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the kift : this ia simply a. matter of individual con- 
venience. The eye of the observer not in use may 
with advantage be kept open. 

Although not necessary it ia a good plan to use a 
+ 4 D. behind the ophthalmoscope ; one thus obtains 
a somewhat larger image, which can be seen without 
accommodating, at the focus of tlie biconvex lens used. 
Thus when examining the fundus of an emmetropej 
the aerial inverted image will be formed at the focus 
of the objective, which in the case of a + 13 D. lens 
will be a little less than 8 cm., the observer (with a, 
+ 4 D. behind his mirror) situated at 2.5 cm. from 
this image will see it clearly and well defined at this 
distance without any accommodation : the advantage 
of this plan is that the observer sits nearer the patient 
than when the examination is made without the + 4 D., 
and does not have to stretch his arm out so far when 
holding up the objective. 

The first part to which attention should be directt^d 
is the disc. If one is examining the right eye, the 
patient should bo told to look towards one's right 
ear, or, what is perhaps better, at the upheld little 
finger of the right hand which is holding the mirror ; 
the fundus reflex being obtained, it will be noticed 
to bo somewhat whiter when coming from the optic 
disc ; the large convex glass is held between the 
thumb and finger of the left hand, about 3 or 4 cm. 
directly in front of the observed eye ; this will 
form an inverted image of the di.sc, which should 
be clearly seen by the observer. The beginner will 
find some difficulty at first in performing these asso- 
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ciated movements of lighting up the fundus with the 
mirror, and keeping the light steadily on the eye while 
the objective is held in the other hand and moved 
about backwards and forwards, and from side to side. 

The next part to examine is the perij)hery ; this 
must be gone over systematically by directing the 
patient to look up, then down, then to the right, and 
finally to the left. By this means the posterior 
hemisphere of the eyeball may be thoroughly in- 
spected, especially when the pupil has been dilated 
with a mydriatic. 

A still more peripheral part of the fundus can be 
seen by using an objective glass which is composed 
of two elements, a biconvex lens and a prism ; such a 
glass is called a prismosphere. 

Finally the macula region demands attention. This 
part is difficult to see, as the pupil contracts vigorously 
when the light is directed on this, the most sensitive 
part of the fundus ; besides, the corneal reflex comes 
directly in the line of vision. The patient should be 
told to look at the sight-hole of the mirror, or 
slightly to one side of it; then, with a little 
manoeuvring with the mirror and lens, and a certain 
amount of practice, a fairly good view of this part 
may be obtained. 

The reflections formed by the cornea and by the 
objective are always somewhat troublesome to the 
beginner; by tilting the lens slightly these images 
will be thrown out of the line of vision. 

Variations in the Size of the Image in Ametropia. — 
The condition of the refraction of the eye under examination 
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will canae some vai-iatioa in the size ai the imagee oljtained ; 
thus in emnietropia, raya coining from A, Fig. 39, emet^ from 
the eje parallel, and iirefocaseed by the biconvex lens at a, and 
luje coming fi-oui B ai-e focussed oib; ao also with raja coming 

Fio. 39. 




from evei7 part of A B, forming im. inverted image of a b at 6 o, 
situated in the lur at the principal focna of the biconvei lena. 

In bypermetropia {Fig. 40) the rajs from a emerge divergent, 
BO also, of course, those fi-om b; if these luye axe continued 

Fia. 40. 




backward, they will meet heliind the eye, and thei-e fonu an 
enlai^ed upright image (a ff) ot a b j it ia of this imaginary 
projected image that we obtain, by the help of the biconveic 
lens, a final inverted image {h a), situated in front of the lens 
beyond ita principal focus. 
In myopia (Pig. 41) the raya from a and H emei^ from th« 
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eye conrergent, formiug an inverted atrial image in front of the 
eye at p a, its punctum remotum. It is of this image we obtain, 



I 




with a bifunvex lens placed between it and the eje, a flmil 
image {b a) situated within the focua of the biconvei lens. 

The inverted image of the disc, produced by a convex lens at 
a certain fised distance from the coniea, is lai^er in hjper- 
metropia, and smaller in myopia, tlian in emmeti'opia. The 
lens should next be held close to the patient's eye, and then 
gradually withdi-awn, while the aeriul image of the dieo is 
steadily kept in view ; if any increase or decrease take place in 
the size of this image, we shall know that the eye is ameti-opie. 

Fm. 43. 



I 




K. Emmetropic eye. Rays isfiuing parallel, imag^ formed 
at tlie principal foeus of the lens, no matter at what 
distance the lens is from the eye. 

If no change take place in the size of the image on thus 
withdi'awing the objective the case is one of emmetropia, 
because rays issue from suck an eye parallel, and the image 
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formed by the oliject-glaas will alwaya be sitiiat«d at its 
principal foctia, no matter at what distance the glass is from 
the observed eye (Pig. 42). As the diBtance of the image from 
the object-lens is alwa,jB the same, the size of the image will 
also he the same. 

If diminution take place in the eize of the image the case ie 
one of hypermetropia, and the gi-eater the diminution the 
highei- is the hypennetropia. 




I 



[. Mj'pemietropic eye. c. The centre of the lona. 



Thie change in size may be explained by remembering that 
in hypermetropia the image of the disc formed by the object- 
^laBs is sitnated liejond its principal focus, owing to the I'ays 
sailing from the eye being divergent ; the relative size of the 
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final image /3 a to the object a h will therefore vary directly as 
the length c a, and inveraely as the length c a; so that on 
withdrawing the lens c from the observed eye, c a diminishes 
and c a increases ; therefore the ratio of ah to a p diminishes, 
1. e. the size of the image diminishes. The two diagi*ams 4S 
and 44 show images formed by the object-glass when held at 
4 cm. and at 12 cm. from the cornea, the latter image being 
the smaller. 

If the image become larger on withdrawing the object-glass, 
the case is one of myopia; the gi'eater the increase of the 
image, the higher the myopia. 

This increase in the size of the image can also be explained 
with the help of mathematics, remembering that, in myopia, an 
invei*ted image is f owned in front of the eye (Fig. 36), and it is 
of this we obtain a final image, with a convex glass placed 
between the eye and the inverted image, which we must regard 
as the object, the object and its image being both on the same 
side of the lens. 

In astigmatism the disc, instead of appearing round, is fre- 
quently oval. If the image of the disc decrease in size in one 
meridian, while the other remains stationary as the objective 
is withdrawn, it is a case of simple hypeimetropic astigmatism. 
If the whole disc decrease in size, one meridian diminishing 
more than the other, it is compound hypenuetropic astig- 
matism, that meridian being more hypermetropic which 
diminishes more. 

Increase in one meridian of the disc, the other remaining 
stationary, indicates simple myopic astigmatism. 

Increase in the size of the disc, but one meridian increasing 
more than the other, indicates compound myopic astigmatism, 
that meridian being moi*e myopic which increases most. 

If one meridian increase while the other decrease the case is 
one of mixed astigmatism. 

It must be remembered that by the indirect method 
everything is inverted ; thus the apparent position of 
the macula is to the inner side, when of course its 

4 
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Tlio above figure is iuteniled to represent, tiy meanB of \, 
the real size of tlie optic disc ; by iQcana of b, the size 
of the imago formed by the indirect method ; and by c, 
the size of the imag* formed by the direct method. It 
also ihows in the case b the effect of the inversion; this 
effect is rendered more apparent by the patch of choroi- 
ditia shomi in the figure. 
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real position is outside, the apparent upper edge of 
the disc is the lower, and so on. Fig. 45 b represents 
this inversion. 

Magnification of the image seen by the indirect method. 
— ^To estimate the degree of enlargement obtained by 
the inverted image we must recall to our minds the 
fact, that the image we see in this method of examina- 
tion is a real image formed in the air by the union of 
the rays coming from the eye and passing through 
the convex lens. This image can be received upon a 
screen and measured exactly ; therefore to estimate 
the degree of enlargement, we have only to measure 
the size of the inverted image of the disc and com- 
pare it with the size of the disc itself. 

We- are at once met by the difficulty that the size 
of the disc varies in different individuals, so that 
we do not know its exact size in any particular 
case. 

If the biconvex lens with which we obtain the 
inverted image be placed at such a distance from the 
eye that its focus coincides with the nodal point of 
the observed eye, a point situated in the emmetropic 
eye 1 5 mm. in front of the retina ; then the enlarge- 
ment may be expressed by the simple formula — 



n 



of which X equals the amount of enlargement of 
the image ; / equals the focal distance of the lens 
used to produce the inverted image; while n is 
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tlio distance between the nodal point and tin 
retina. 

Suppose, for example, we wish to know the amounl 
of enlargement of the image in the case o£ an emrae-' 
trope with a glass of 13 D. Then/ equals the focal 
distance of the lens 13 D., which is 77 mm.; and 7i 
equals 15 mm., that is the distance between the nodal 
point and the retijia; we shall then have for our 
formula — 

X = , = o times. 
lo 



Therefore the enlargement will be five times, and 
if on measuring the image thus obtained we find it to 
be 7'5 mm., then we shall know that the real size of 
the disc was 1"5 mm. 

In hypermetropia we must find the amount of 
shortening of the eyeball (3 D. = 1 mm.), and deduct 
this from the 15 mm. which is the distance between 
the nodal point and the retina, and then proceed as 
before. 

In myopia the increase in length of the eyeball 
must be added on to the 15 mm. 

To carry out this experiment practically a demon- 
strating ophthalmoscope such as Beale's is necessary, 
provided with a screen marked out in millimetre 
squares on which the image is received. With 
Frost's artificial eye the experiment can be easily 
demonstrated. 

The large lens used as a condenser and magnl&er. 
—The indirect examination being completed, before 
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laying down the mirror and lens a further method 
of examination may be briefly mentioned. The ob- 
server approaching to a short distance from the 
patient (about 15 or 20 cm.), reflects the light into 
the eye by means of the mirror, and having illumi- 
nated the eye he then interposes the convex lens, 
which is now used, not to obtain an image, but to 
condense the light from the mirror, while at the same 
time the cornea, iris, and lens are seen under its 
magnifying influence; opacities of the cornea, in- 
juries or affections of the iris or lens are often con- 
veniently examined in this way ; by slightly moving 
the lens backwards and forwards the light is f ocussed 
on the different planes. This method of examination, 
though very useful in many cases, must never be 
used to the exclusion of the focal illumination. 

The Direct Method 

The direct method of examination is next employed. 
This method has the advantage of enabling us to 
see the parts in their true position, and gives us an 
image magnified some 16 to 18 diameters, though, of 
course, a much smaller part of the fundus is seen at 
once. The amount of fundus which will be visible 
depends chiefly upon the size of the pupil, but partly 
also upon the size of the light used; with a pupil 
of 4 mm. and a large gas flame, one gets a field little 
bigger than 2 mm. ; although only this small part can 
be seen at once, yet by varying the position of the 
head and ophthalmoscope one is able to look over a 
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considerable part of the posterior hemisphere of the 
oyo. A strong prism placed behind the ophthalmo- 
scope will allow a still more peripheral part of the* 
fundus to be seen. 




For the direct examination the tilted short focuased 
mirror is used; it may be quite small, as only those 
rays reflected from the part immediately around the 
sight-hole enter the pupil, — this is especially the case 
when the pupil is small; the sight-hole should not bej 
larger than about 21 mm., for if the sight-hole be 
larger than the pupil, then no rays may enter the eye, 
and we shall fail to get any illumination. The ob- 
server first corrects any ametropia that he may I 
either by having the proper correction in a suitable 
clip behind the sight-hole of his ophthalmoscope, or 
he may deduct his own ametropia from the gl; 



which corrects the refraction of the patient and 
himself in fhr niaiinor to be presently described; he 



I 




then sits or stands as he may prefer on the same side 
83 the eye he is about to examinej so that the observer 




* 
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uses his right eye for the patient's v! 
for the patient's left. 

The light is placed on the side to be examined a 
little behind and on a level with the patient's ear; 
the examinee's head may with advantage be inclined . 
slightly towards the observer, while the observer V 
inclines his own head slightly in the reverse direction ; I 
i. e. in examining the right eye the patient inclines ' 
his head slightly to the right, while the observer 
inclines his slightly to his own right, so that the two 
eyes may come very close together, the browa even 
may touch, while the respiratory orifices of patient 
and observer are away from each other. 

The patient is directed to look straight in front 
of him, and take as little notice aa possible of the 
surgeon, who resting the edge of the oplithalmo- 
Rcope against his brow, reflects the light into the 
eye, and approaching close to the patient, first looks 
for the disc ; then scans the periphery by directing 
the patient to look in different directions; and 
finally examines the macula region. 

The great difficulty which the beginner finds with 
this method is to keep his accommodation passive; 
usually some practice is required before this can be 
managed, so that a concave glass has to be used 
behind the sight-hole of the mirror { — 3 or 4 D.) 
before a clear view of the fundus can be obtained. By 
using a weaker concave glass each time, the accommo- 
dation ivill be gradually relaxed. Sliould the disc, 
when first seen, appear quite clear and distinct, one 
must not at once assume that the patient is emme- 
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tropic, but only on finding that the weakest convex 
glass behind the oplitlialnioscope impairs the clear- 
ness of the image. Another difficulty the beginner 
has, is to disregard the corneal reflex, which is most 
troublesome when the macula region is inspected. 

Magnification of the image seen by the direct method. 
— The estimation of the amount of enlargement by 
means of the direct method of examination is more 
difficult and less exact than with the indirect method. 

Tlie size of the image of the disc of an enimetrope 
formed on the retina of the emmetropic observer will 
be exactly the same size as the disc itself. This is 
clearly shown in Fig. 48. 




The image ia therefore of considerable size, and 
covers a good many retinal elements ; and to find out 
the magnification, we have only to consider some 
external object which, placed at a certain distance 
from the eye, forms a rolinal image of the same size, 
viz. 1-75 mm.; half-a-crown held 25 cm. from the 
eye will produce a retinal image of about this size. 




If we divide the distance at which the coin is 
placed (25 cm.) by the distance from the retina to 
the iioditl point, 15 inrii 
amount of enlargement : 

2 -J cm. _ 250 n 
15 mm. ~ 15 n 
The diameter of our coin should therefore be 17 
times larger than its retinal image ; we know the 
size of the retinal image is 1'75 mm., therefore the 
diameter of the lialf-cvown should be about 30 n 
ing it this will he found to be the case. 




It is obvinus that the disc orany part of the fundus 
will appear more magnified, the greater the distance 
to which its image is projected. 

Hence the ophthalmoscopic image of the same disc 
does not always appear of the same size to different 
observers, owing to the varying distance to which 
the image is mentally projected hy them. To still 
further elucidate the subject, the following explana- 
tion may be of service. 

Every student is familiar with tJie plan sometimes 
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adopted in the case of the microscope ; when making 
a drawing of a specimen, the observer looks with one 
eye — we will assume the left— down the tube of the 
microscope, while with the right he looks by the side 
of the tube on to a piece of drawing-paper placed on a 
level with the stage of the instrument. The specimen, 
seen by the left eye, is projected upon the paper with 
the right, and can there be drawn ; or if it is wished 
to estimate the magnifying power of the microscope, 
a scale divided into hundredths of a millimetre is 
placed under the eye piece, while beside it on the 
stage, or on the same level, is placed a scale divided 
into millimetres, so that the image seen in this case 
with the left eye is projected on to the scale placed 
at the side of the instrument ; thus the two scales 
are superimposed, and a comparison can be made ; 
if the squares on the two scales exactly cover each 
other, then we should know that the microscope mag- 
nified one hundred times. 

This experiment will also enable anyone to under- 
stand what is intended by the expression " projecting 
a retinal image." 

A somewhat similar plan is adopted with the oph- 
thalmoscope, but it must be slightly modified, since 
the conditions are different. 

For with the ophthalmoscope, using the direct 
method, we approach so near to the observed eye 
that it would be impossible to see it at the same dis- 
tance with the eye alone; it is just the same as looking 
through a strong convex lens. For this reason it is 
obvious that we must place the standard scale at a 
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f,'reator distance from tlio eye, and since the apparent 
size of the image is larger in proportion to the dis- 
tance to which it is projected, it is necessary to fix j 
some distance at which the measuring scale shall be I 
placed so as to render this method of any value; j 
33 centimetres has been decided upon, a distance at J 
which we ordinarily look at near objects. 

Therefore, to estimate the amount of enlargement j 

by the direct method of examination, we look with 1 

one eye through the ophthalmoscope at the disc of I 

the observed eye, while with the other we look at | 




a sheet of paper on which is ruled a millimetre! 
scale placed 33 cm. away ; with a little practice the I 
student will lie able to project upon this scale the 1 
image of the disc which lie sees with the other eye, | 
and, by counting the number of squares on the scale I 
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that is covered by the image, the amount of enlarge- 
ment can be estimated. 

We encounter here the same difficulty that was re- 
ferred to on page 51, that the size of the disc may 
vary in difiEerent individuals. 

If the observer be emmetropic, then it is necessary 
for him to put on— 3 D. behind his ophthalmoscope, so 
that he may accomodate 3 D. with each eye; he 
would then see clearly the disc of the eye under 
observation, while the other eye will be adapted for 
the distance at which the scale is placed, 33 cm.; 
were this proceeding not adopted, the eyes would have 
to accommodate in unequal degrees in order that both 
the disc and the scale may be seen clearly. 

Another plan of estimating the enlargement by 
the direct method is to place behind the sight-hole 
of the ophthalmoscope a plain mirror from which a 
good deal of the silvering has been scratched away, to 
receive an image of the scale which is placed behind 
the observer's head and a little to one side, and thus 
the image of the disc and the scale will be super- 
imposed, and the two will be seen by the one eye. 
This plan is useful when the observer's eyes are not of 
equal value. 

Both the indirect and direct examinations should 
always be employed ; each method has its own special 
advantages ; thus the indirect method gives us a large 
field and allows us quickly to scan over the whole of the 
posterior part of the fundus, while the patient's re- 
fraction need not be corrected, and the observer may 
disregard his own ametropia provided he can adapt his 
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eyB for the distance at which the aerial image will be 
formed. 

The direct method gives a smaller field but greatly 
magnified, so that minute changes which are not 
visible by the indirect method can be detected ; it also 
gives 113 more accurate information of any lesion with 
regard to its level, etc, ; being an upright image every- 
thing is seen in its proper position, whereas with the 
indirect method the image is inverted ; and finally with 
the direct, the refraction of the observer and observed 
must be corrected. 

The eHtlmation of the refraction by the direct method. 
- — To estimate the refraction of the patient by the dii'ect 
method, it is necessary thiit the patient's accommodation 
should be i-elaxed ; this will genei-ally be the case when the 
examination is luade in a dark room, or atropine may he used ; 
then if the obeeiTev's own accommodation be euspended, and 
the image of the diec appear quit* cleai* and distinct, the case 
is one of emmeti-opia; because luya coming fi'Om an emme- 
ti-opic eye (Fig 51, e) issue pamlle!, and the obsei-ving eye 




receiving these rays will, if emnietTOpic with its accommodation 
suspended, Ije adapted for parallel raya, so that a clear im^e 
of a in the obBen-ed eye will be formed at h on the retina of 
the obseiTing eye. 
Supposing the image does not appear clear and distinct 




vitliout ea effort of tlie acw>iumodatioii, then we tiini on 

X glasses beliind tlie sight-hole of the ophthalmoscope. 

The etrongest positive glass with which we ai'e able to get a 

perfectly clear image is a measure of the hypermeti-opia, be- 

e rays coming fi-om a (Fig. 52) in the hypermetropic eye 

(h) issue in a divergent direction, as though i 






tlie piinctum remotum hehiad the oye. The goutcx lens (l) 
I'enders them parallel, imd they theu focus at b, on the retina 
of the observing emmetropic eye (b). 

If, howevei", the image of the disc appear indiHtinct, and the 
convex glasa, instead of i-enderiag the image clear, have the 
opposite effect, we must ttim the wheel of the ophthalmoBcope 
in the other direction, and bo biing forward the concave glaases. 
The iceakegi with which we cau see the details of tlie fundus 
clearly is a measiii'e of the myopia, becauae any sti-onger glass 
merely briaga into play the accommodation of the observer. 



I 




Rays from u (Fig. 53) leave the myopic eye (m) bo Lonvcr^^ent, 
that they would meet at (r) the pimctimi remotiim. The 
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core lens (l) reuilera them parallel before fulling on llie relaxed 
ejo (e) of the observer. 

If the opbthaliuostope ia not held very olose to tLe eye, we 
nrnat deduot from the focal distance of tlie lens the distance 
between the cornea and the inatrumeat in liypermetropia, 
adding them together in myopia. 

li aatigmatiam esxet the proceeding is more difficult, because 
one wishes to find out not only the refniction of the two chief 
meridians, but also the axis of these meridians. To diBcoTer 
the meridian of gi'eatest refraction, and to estimate it by the 
direct method, we keep in view the disc, then if the case be one 
of hypei-metropic or mixed astigmatism, we find the strongest 
convex lens thi-ough which one of the vessels still i-emains dis- 
tinct (vessels going in other directions will be indistinct) i this 
tens will be the measure of the refraction of that chief meridian 
which is at right angles to the vessel. To estimate the other 
chief meridian we select a vessel whose course is at right angles 
to that first chosen ; the strongest convex glass through which 
this vessel is seen distinctly will give us the measure we i-equire. 

Had the case been one of myopic astigmatism, then tlie 
weakest concave glass with which any vessel is first cleai-ly de- 
fined will indicate the strength of one meiidian ; to estimate 
the other meridiau we must as before select a vessel which is 
at right angles to that firat clearly seen, then the weakest 
concave lens which allows us to see it well defined will indicate 
the refiTiction of the other cLief meridian. The estimat* is 
more easy to make when the chief meridians ai-e veitical and 
horizontal ; but unfortunately many cases occw in which they 
are more or less oblique, and it is not always easy to find a 
vessel whose coiu'se eiactly coincides with these oblique 
meridians. 

The essential point to rememljer in estimating astigmatism 
by this method is, that the glass with which the vessel in one 
direction ia clearly seen, is tlie measm* of the infraction of 
that meridian which is at right angles to the vessel ; the 
student needs only to recall to his mind the piinciples of the 
pereeption of a line liy an attigmatic eye to understand this. 
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The subject may possibly be made clear by quoting a few 
examples ; we will take a case in which the veHical vessels and 
lateral sid^s of the disc appear distinct without any lens, and 
which the weakest convex glass i-endera indistinct, then the hon- 
zontal meridian, i. e. the meridian at right angles to the vessels 
clearly seen, is emmetropic ; and suppose, also, that the horizontal 
vessels with the upper and lower borders of the discs rcquire 
a convex or concave glass to i-ender them clear and distinct, 
then the vei'tical meridian is hypermetropic or myopic, and the 
case is one of simple hypermetropic or myopic astigmatism. 

If both the vertical and horizontal vessels can be seen 
through a convex glass, but a stronger one is requii*ed for the 
vei'tical than for the horizontal, then the case is one of com- 
pound hypermetropic astigmatism, the horizontal meridian 
being the moi-e hypennetropic. 

If both meridians had required concave glasses, but of 
different strengths, then the case would be one of compound 
myopic astigmatism. 

If the vei'tical vessels and the latei*al sides of the disc can be 
seen clearly defined through a convex glass, while the horizontal 
vessels require a concave glass to render them distinct, the case 
is one of mixed astigmatism, the horizontal meridian being 
hypermetropic, the vei'tical meridian myopic. 

The estimation of the refraction by the direct method is 
exceedingly valuable, but requires great practice. In cases of 
hypermetropia and low myopia one is able to estimate the 
amount of eiTor within half a dioptre, and in cases of astig- 
matism where the chief meridians ai'e horizontal and vei'tical, 
one can come very near the exact conection, and without 
subjecting the patient to the inconvenience of having his 
accommodation paralysed with atropine. 

The comparison of the direct and indirect methods of 
examination is also very useful in astigmatism. If, for instance, 
the disc is elongated horizontally in the erect, and oval verti- 
cally in the inverted image, we know that the curvature of the . 
cornea is gi'eater in the horizontal than in the vei'tical meridian. 

The ametropic obeeiTer must always remember, when using 

5 
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the direct metbod for the eatiiiiation of eirora of refractl 
that he must connect his own defect, either bj wear 
spectacles, or bj having a suitable glass in a clip l>ehind 
ophthalmoscope ; he is then in the position of an emmetropei 
hut, if he prefer it, he may subtract the amount of his 
hyjiemietropia or myopia fi-om the glass with which he 
clearly the patient's disc. Thus, if the observer have 2 D. 
hypenneti'opia and reinure + 3 D. to see the fundus clearlyj 
(+- 3D.) - (+ 2D.) = + 1D„ the patient would hdve ID. 
hypenxietixipia. Had be requii-ed — 2D. then (— '2 D.) - (+■' 
2 D,) ^ ( — 4 D.) the observed would have 4 D. of myopia. 
The same with the myopic observer ; if hia m.jopia amo 
to 3 D., then he will require — 3 D. to see clearly the emme- 
tropic fundus ; if he sees well without a glass, then the eye 
under examination Liis 3 D. uf tiypermetropia ; if he require a 
-|- 2 D., theu the hypei-metropia will be 5 D., and at 
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EBTiKOScofY will conclude our ayateraatic ophthalJ 
moacopic examination; this teat becomes eapeciaJly. 
necesaary wlien tlie viaion liaa been found defective 
and nothing abnornial has been detected to account 
for it. 

Tlie electric focal lamp of sixteen candle power 
or the ordinary Argand gas light are either suitable 
for rctiiioacopy. 

The light is usually placed over the patient's head 
and alightly behind, so as to leave the eyes in shade. 

Some observers prefer a brightj screened light 
coining from a diaphragm opening of 5 to 10 mm. 
placed 3 cm, from the mirror: the illumination is 
brighter the nearer the light is to th 
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jiositiuii one imd a quarter nietrt-M away ui- further, 
and reflects the light into the eye with a plane 
mirror J a fundus illumination is now obtained which 




will be bright if the patient ia emmetropic, less so 
if he be ametropic; the greater the ametropia, the 
'""" ^"■-'-'- "ill the fandua reflex be. 
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It 13 usually necessary for tlie patient to be under 
a mydriatic, as it renders the examination easier and 
allows the refraction at the macula to be estimated : 
whereas when a mydriatic is not used the pupil con- 
tracts so Tigorously when light is thrown on the 
macula that we have to be satisfied with the refraction 
at the optic disc, which may occasionally vary con- 
siderably from that at the macnla. 

Therefore, when the patient is under a mydriatic, 
he should look directly at the sight-hole of the mirror; 
when not under a mydriatic he must look a little 
inwards, so that the light is reflected along the optic 

The obHorvLT having obtained with the mirror the 
ordinary fundus illumination, if the mirror be now 
rotated slightly from side to side on its vertical axis, 
he may see a shadow come oat from behind the pupil 
moving horizontally across the illuminated part. The 
edge of this shadow may he linear or slightly cres- 
centic, it may be vertical or oblique, and it may move 
with or against the movement of the mirror. 

The explanation of retinoscopy is that with the 
mirror an image of the lamp is thrown upon the fundus, 
and this image with ita surrounding shadow is 
brought more or less to a focus producing the shadows 
we see. 

Therefore when diverging rays of light fall on a 
plane mirror they are reflected as divergent rays, as 
if coming from a point behind the mirror forming a 
virtual image; the diverging rays passing through 
the pupil of the eye under ohscrvation arc brought 
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more or less to a focua according to the refractive 
condition of the eye ; on rotating the mirror in one 
direction the retinal imago will move in the same 
direction. 

The following diagram (Fig. 56) may holp to make 
this clear. 




Rays of light from i. fall on the plane mirror a, and 
are reflected as divergent rays into the eye, as if 
coming from point o behind the mirror; these rays 
focns on the retina at c. On tilting the mirror into 
position B, the rays from L diverge from the mirror 
(as if coming from h) and focus at D; therefore the 
real movement of the light on the retina ia with the 
mirror. But as these movements are seen through 
the refracting system of the eye the apparent move- 
ments may differ from the real ones. 

In hypermetropia the imago seen by the observer 
is an upright one, and therefore moves with the 
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mirror. In myopia it is an inverted one, and 

therefore moves against the movement of the mirror. 

Thus assuming the shadow's edge to be vertical, if 

it move with the mirror the case is one of hyperme- 





tropia; but if it move against or in the opposite 
direction to the movement of the mirror, the case ia 
one of myopia. If the shadow's edge is oblique, tlien 
we know at once that astigmatism is present. 

The movements of the shadow tell us the form of 
ametropia we have to deal with. The extent of the 






movements on rotation of tlie mirror, the clearness bt 
the image and the brightness of its edge, enable us to 
judge approximately the amount of ametropia to be 
corrected. 

A few examples will assi^^t in making this descrip- 

Havin^' placed in poaition a pair of tviul fiiinieR, we com- 
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mence by throwing the light into the right eye and watching 
the fundus illumination ; now rotate the miiTor on its vertical 
axis to the right ; if a vertical shadow come across the pupil 
from the patient's right, i. e. in the same direction as the move- 
ment of the miiTor, or what is the same thing, if the shadow 
move in the same direction as the circle of light on the patient's 
face, the case is one of hypermetropia. Should the edge of the 
image appear well defined and move quickly, in addition to a 
bright fundus reflex, we infer that the hypermetropia is of low 
degree. 

Place a weak convex glass, say -f 1 D. before the eye we are 
about to coiTcct. If the image still move with the mirror, 
place in the frame -f 1'5 D., then + 2 D., and so on, Tintil we 
find the point at which no distinct shadow can be seen. 
Supposing this to be -|- 2D. and that on trying -f 2*5 D. the 
image move against the miiTor, -f 2 D. is assumed to be the 
con*ecting-glass. 

Had we obtained a reverse shadow, we should then try 
concave glasses, proceeding exactly as before, putting up 
stronger and stronger glasses, until we are unable to make out 
the movements of the image. This is assumed to be the 
coiTCcting-glass. 

When the myopia is of high degree, and a sti'ong concave 
glass has to be used for its correction, the light reflected from 
the mirror is so spread out by the concave glass, that fewer 
rays pass into the eye, and thei'efore the illumination is not so 
good as in other states of refi-action. 

In astigmatism the two chief meridians will be different ; we 
judge if one shadow be more distinct or quicker in its move- 
ments than the other, though we are not always able to say at 
once that astigmatism exists. We therefore proceed to coiTect 
one meridian. Jf the shadow move with the miiTor in all 
meridians, we first take the vertical, and put up in front of the 
patient, in a spectacle-frame, convex spherical glasses, until we 
find the glass which neutralises the shadow ; we put this down 
as the coiTecting-glass for the vertical meridian, and let us 
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Buppose that glass to l>e + 2 D. We next take notice of the 
horizontal meridian, and if + 2 D. ia also the glass re.jnii'Bd 
we know the case ia one of simple hypermeti-opia. But 
supposing + 4 D. is neceasarj, we indicate it conveniently 

+ 2D. 



The case ia one of compound hypennetropic aatigmatiam, and 
will requii-e for its coiTection + 2 D. sphei'e combined with -)- 
2 D. cylinder aiis verticaL 

Take anothev case — that in which the vertical meridian 
reqnii-ea — 2 D,, and the horizontal + 2 D. Hei-e we have a 
oaae of mised astigmatism which can he cori"eeted by a -(-2D 
sphere combined with — 4 D, cylinder aiia horizontal. 

Supposing the axis of the shadow to he ohhque, we know at 
once that astigmatism exists, and we proceed to con-ect eaj;h 
meridian seijamtely, moving the mirror at right angles to tlie 
edge of the shadow, not horizontally and vertically. We judge 
of the amount of obliquity by the eye, and can frequently tell 
within a few degrees. If the vertical meridian be 20' out, and 
requii-e for its coiTeotion — 2 D., and the axis at right angles 
to this (which will be therefore at 110°) I'equii-e — 3 D., we 
express it as in Pig. 59, and correct it with sphere — 2D. 
combined with cylinder -ID. axis 20°, the c^.se being one of 
componnd myopic astigmatism. 

Often one ia able to put up the cylinder in the spectacle- 
fi-ame with the exact degree of oliliquity. 

Having found the glasses which con-ect the two meridians, 
we put up tlie combination in a spectacle trial frame, and if 
we now get only a slightly revei-aed shadow in eveiy dii-eetion, 
the glaBsea are assumed to he the right ones, and we proceed 
to confirm it by trying the patient at the distant test type, 
making any slight alterations that may be required. 

The student laust remember that the glass which neutralises 
the shadow in retinoscopy is not an exact estimate of the 
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vefi-a.etioii, IjeciiusB lie does not sit at infinity but about 1"20 ciu 
from the eye under examination, eo tliat when no shadow if 




obtained he is sitting practically at tbe patient's far jroint : for 
this reason, therefore, the hypermeti-opia is slightly over- 
con-ected (+ ID.) and the myopia is under-estimated (— ID.), 
BO that in hypermetropia 1 D. nmat he dedncted, and in myopia 
1 D. added to the coiTection-glass when confirming the result 
with teat types. 

A few observers still prefer the nse of a concave 

mirror in retinoscopy ; the movements then obtnined 

Fio, m. 




are the reverse of those already described, the shadows 
moving against the movements of the concave mirror 
in hypermetropia and with them in myopia, the image 
having suffered an additional inversion. 
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CHAPTER IV 

THE APPEARANCES OP THE NORMAL FUNDUS 

It is essential that the learner should become 
familiar with the different varieties of the normal 
fundus before passing on to the various pathological 
conditions. The beginner may think this a very easy 
matter, but he will soon discover that it is far 
from being so ; for instance, in cases of slight indis- 
tinctness of the margin of the disc, it may sometimes 
be exceedingly difficult for even the most experienced 
and skilful ophthalmoscopist to know exactly when 
this slight blurring has passed the border line of 
health and become pathological. 

As the complexion and the colour of the hair varies 
greatly in the human race, it is not to be wondered 
at that the colour and appearance of the back of the 
eye, which depend in great measure on the amount 
of pigment contained in the tissues, should also show 
great variations. Plates I and II are intended to 
illustrate some of the types of the normal fundus 
and when we consider that no distinct line separates 
these different varieties, but that one type passes 
imperceptibly into another, it will be realised what 
great differences may be met with. 
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These variations depend in great measure upon 
the amount of pigment contained in the hexagonal 
cells of the epithelial layer of the retina, and upon 
the stellate pigment present in the tissue of the 
choroid. 

The pigmentation varies greatly in different people ; 
as a rule the lighter the complexion the less pigment 
is found in the retina and choroid; the albino may 
be taken as the specimen at one end of the scale, in 
which the least pigment is found, while the negro 
represents the other end of the scale, in which there 
is the greatest amount of pigment. Plate I, fig. 2, 
represents the right fundus of an albino, as seen by 
the indirect examination : Plate II, fig. 1, the left 
eye of a very dark English child, seen by the direct 
method. 

The ordinary red fundus reflex is due to the highly 
vascular choroid, modified more or less according to 
the amount of pigment present; the colour and 
amount of light used will also have much influence 
on it ; and some variations will be found in different 
parts of the same eye ; thus the macula region is 
somewhat darker than the rest of the fundus, shading 
off gradually into the colour of the other parts. The 
periphery is usually lighter and may possibly show 
some of the details of the deeper parts of the choroid; 
the colour immediately round the disc may also be 
somewhat lighter than the general tint of the fundus. 

The retina. — The retina is a membrane of consider- 
able thickness, being '4 mm. at its posterior and 
thickest part; this is four times as thick as the 
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choroid. At the macula, its thinnest part, tha retina 
ia only '1 mm. thick. 

The retina anterior to its epithelial layer is trans- 
parent; this is necessarily the case, since it is so con- 
structed, that rays of light entering the eye have to 
pass through the superficial layers to reach the layer of 
rods and cones on which images must be formed. 

In dark complexioned persons a sort of shimmer or 
bloom may be sometimes detected, especially in the 
region of the macula ; occasionally a striated appear- 
ance is visible at the upper and lower margins of the 
disc, spreading a considerable way over the retina. 
This is due to the nerve-fibres lieing slightly visible 
over the part where they are thickest, and is best 
seen in young hypermetropic children. The case 
from which Fig. 1, Plate II, was drawn, afEorded a 
good example of this striation. But, speaking gene- 
rally, the retina, except for its large vessels, is trans- 
parent, so that in most medium or dark complexioned 
people one looks with the ophthalmoscope through the 
retina on to the retinal epithelium, which, if fairly 
pigmented, allows the red of the choroid to shine 
through, but effectually hides any of the vessels or 
details, so that one gets a uniform red reflex, often 
having a slightly granular appearance when viewed 
by the direct method, due to the pigment contained 
in the epithelial layer; this ia, perhaps, the commonest 
type of the normal fundus, and is shown in Fig. 1, 
Plate I. When the epithelial layer contains but 
little pigment or pigment of a light colour, as in fair 
people, then we can see through this layer more or 
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Fig. 1. — Fundus of a child aged 10 years; of medium com- 
plexion, light brown hair, grey irides, fair skin. Erect image. 
Left eye. 

The disc is not so sharply defined as in many cases ; there is 
slight pigmentation of the outer edge of the disc, which indicates 
the edge of the choroidal ring, and may be looked upon as 
physiological. There is no physiological cup. 

Fig. 2. — Fundus of an albino aged 24; white hair, eyebrows, 
and eyelashes ; irides light grey and translucent. Inverted image. 
Eight eye. 

The absence of pigment is here well shown ; each vessel of the 
deep layer of the choroid can be seen. The disc appears darker 
than normal, in contrast with the lightness of the rest of the 
fundus. The light-coloured interspaces between the choroidal 
vessels are due to the white of the sclerotic. On the outer side of 
the disc is a slight crescent, caused by the choroidal opening 
being rather larger than the sclerotic ring, so that a small portion 
of the sclerotic is here exposed. 
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PLATE II. 

Pio. 1. —Fundus of a very dark child aged 10 ; skin dark, hair 
black, eyebrows and eyelashes black ; irides dark brown. Erect 
image. Left eye. 

The striation around the disc is unusually distinct. The 
stippling of the lamina cribrosa can be seen in the centre of the 
disc. 

Fig. 2. — Bight fundus of a child aged 10 years; hair dark 
brown, eyebrows brown, eyelashes black ; irides dark browTi. 
Inverted image. 

The tissue of the choroid contains a large quantity of very 
dark pigment, which causes the interspaces between the choroidal 
vessels to appear very dark— much darker than the vessels them- 
selves. The pigment in the epithelial layer of the retina must be 
of a lighter colour than usual, to allow one to see through it on to 
the deeper layers of the choroid. There is a well-marked physio- 
logical cup present. The halo around the macula is due to 
reflection. 
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less of the details of the choroid; the capillaries of 
the chorio-capillaris are too small to be seen, but the 
large choroidal vessels may be fairly distinct, having 
between them small islands of tissue, which may be 
lighter than the vessels themselves in very fair indi- 
viduals, where very little pigment is present in the 
connective tissue of the choroid (a very striking 
example of this condition is seen in the albino, Fig. 2, 
Plate I) ; or the interspaces may be darker than the 
vessels, when a good deal of pigment is present. Fig. 
2, Plate II : these interspaces arc small, triangular 
or irregular in shape about the disc ; more elongated 
in the periphery. The details in the choroid are 
often best seen in the periphery, sometimes only 
there. 

Thus we may distinguish three chief types : 

1. The fundus having a slightly granular appear- 
ance, with no choroidal details visible. Met with 
chiefly in people of dark complexions. Fig. 1, Plate I, 
and Fig. 1, Plate II. 

2. The fundus in which the large choroidal vessels 
are seen with lighter coloured interspaces ; light com- 
plexioned people. Fig. 2, Plate I. 

3. The fundus, in which the large choroidal vessels 
appear with dark coloured interspaces ; this is some- 
times known under the name of "choroid tigre,'' 
and is found in people with medium complexions. 
Fig. 2, Plate II, is intended to represent this condi- 
tion. 

Though these are the three chief types of the 
normal fundus, it will be understood that one variety 
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gradually irierges into the next, so that every possible 
variation may Le met with. 

In old pBrsons the epithelial layer may become 
deprived of its pigment, and so allow the deeper 
parts of the choroid to come into view. 

It must be remembered that the arteries and veins 
of the choroid cannot be distinguished from eacli 
other by the ophthalmoscope. 

The macula lutea, which is the part of moat distinct 
vision, is free from any visible vesseU, nevertheless it 
is exceedingly vascular, the capillary meshes being 
mucli closer together than in any other part, except 
at the fovea centralis, where they are absont. The 
macula is situated about 2 mm. on the temporal aide 
of the disc and 1 mm. lower j it ia directly in the line 
of vision, and is slightly larger than the disc, being in 
shape an ill-detined oval with its long diameter hori- 
zontal ; the colour is darker than the rest of the f uudna, 
and shades off gradually into the general orange red 
colour. Its centre is marked by a depressed, whitish 
pink spot, the fovea centralis. The macula is some- 
times surrounded by halo, which is due to reflection 
from the sloping edge of the depression ; this halo is 
often seen in dark children with the indirect method, 
and is shown in Plate II, fig, 2, It requires much 
practice before this region can he satisfactorily exa- 
mined and usually a mydriatic must be employed. 
The macula never appears yellow with the ophthal- 
moscope. 

Sometimes a good deal of reflex takes place from 
other parts of the retina, and is spoken of as a 
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*^ watered silk " appearance ; this reflection takes place 
from the superficial part of the retina, and shows a ten- 
dency to run along and over the vessels, shifting with 
every movement of the mirror ; it is best seen in dark 
hypermetropic children, and is rare after the age of 
twenty. The exact cause of this retinal reflex is not 
known, but it has been suggested that it may be due to 
minute parallel striations of the cells of the ganglion 
layer of the retina. 

The optic disc or papilla is the intra-ocular end of 
the optic nerve, and consists of nerve-fibres which 
spread out to form the retina, together with a certain 
amount of connective tissue, and the central artery 
and vein of the retina. The disc is situated a little 
to the nasal side of the posterior pole of the eye; it is 
a little raised, and is usually circular or slightly oval 
in shape, with its long axis nearly vertical ; its real 
size is about 1*75 mm. ; sometimes one side is slightly 
flattened. The anatomically oval disc must not be 
confounded with the oval, due to astigmatism; the 
diagnosis between the two can easily be made ; when 
using the indirect method the anatomically oval disc 
will not alter its shape as the objective is gradually 
withdrawn, while the astigmatic oval will undergo 
considerable change in its shape as the convex glass 
is moved away from the eye. 

The colour of the disc varies much from the rest of 
the fundus, being considerably lighter; it varies 
at different periods of life, being rather paler in 
old people. The colour of the disc is due to the 
combined effect of the nerve-fibres, the blood-vessels. 
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and the connective tissue, the result being a pinkish 
rose tint ; considerable variations of colour are found 
in different parts of the disc ; thus the pinkish colour 
is often most pronounced on the nasal side, while the 
whitest part of the disc is often its centre and towards 
the temporal side ; in most cases the nerve-fibres 
separate immediately after perforating the lamina 
cribrosa, leaving a conical depression, the "physio^ 
logical cup.'' This cup may vary much in size and 
shape, but always has the one characteristic, that it 
never involves the whole disc, as is the case with the 
glaucoma cup. The physiological is usually a deep 
shelving cup, while that due to glaucoma is over- 
hanging. When the physiological cup is large and 
deep, its nasal side may be steep or even excavated, 
but the temporal side has almost invariably a gradual 
slope, which may extend in this direction to the 
margin of the disc. Frequently a stippling is seen at 
the bottom of a deep cup ; this is due to the details 
and perforations of the lamina cribrosa being visible. 
Fig. 63 represents a deep physiological cup, and should 
be compared with the figures illustrating the other 
two varieties of cupping. Figs. 64 and 65. 

The disc has usually a well-defined margin with 
some traces of pigment ; this is known as the choroidal 
ring, and is well shown in Fig. 61 ; though spoken 
of as an opening, it is not so in the true sense of the 
word, since fibres pass into the nerve on all sides, 
and cases occasionally occur in which the choroidal 
tissue can be traced for some distance on to the face 
of the nerve ; the edge of the choroidal opening is 
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often slightly larger than the corresponding opening 
in the sclerotic, and when this is so, a small rim of this 
coat may be visible just within the choroidal ring ; this 
is called the sclerotic or connective-tissue ring (6). The 
sclerotic ring is often partially hidden by the slight 
expansion of the optic nerve, after passing through 
the lamina cribrosa, though usually a trace of it can 
be seen on the outer side : so that we have from within 
outwards: (1) a white central depression, the physio- 
logical cup; (2) surrounded by a zone of pinkish 
colour, most marked usually on the nasal side : this 
zone is composed chiefly of nerve-fibres and their 
capillaries; (3) outside this is a well-defined white 
margin, the sclerotic ring ; and finally, (4) the slightly 
pigmented margin of the choroidal ring. Great varia- 
tions will be met with in different subjects ; the discs 
on the two sides should always be compared. The 
colour of the different parts of the disc can be best 
appreciated by the direct examination, and by using 
only a moderate illumination. The edges of the disc 
should be clearly defined; sometimes the upper and 
lower margins are less distinct than the sides; this 
may be due to the nerve-fibres being thickest over 
these parts; this condition is most frequently met 
with in cases of hypermetropia, being then due to an 
excess of connective tissue about the disc and around 
the vessels. 

Fig. 61 is a diagrammatical representation of the 
optic disc ; the choroidal and sclerotic rings are 
seldom seen in the complete form here represented, 
but it is necessary the student should be acquainted 

6 
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with them and know how they are formed; (a) cho- 
roidal ringj (6) sclerotic ring, {<■) physiological cup. 
(d) The retina, (e) the choroid, (/) the sclerotic, (c) 
the central vessels. 

The central artery and vein of the retina are seen 
issuing from near the centre of the disc, usually a, 
Fta. ei. 




little to the nasal side, the artery being on the nasal, 
the vein on the temporal side; they divide into 
branches which spread out on the nerve-fibre layer of 
the retina; when seen in a microscopical section, the 
vessels project above the surface of this membrane. 

The retinal vessels are exceedingly small, although, 
with the direct method, they give one the idea of 
being of fair size ; the main divisions of the retinal 
artery may be about '4 mm. in diameter, while the 
smallest visible vessels will bo about ■06 mm.; the 
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capillaries being considerably smaller than this, are 
necessarily invisible. 

The arteries may be distinguished from the veins 
(a) by their colour, (6) by their size, and (c) by their 
general appearance. The vessels are really trans- 
parent oval tubes, so that it would be more correct to 
speak of the blood column contained in them. 

The arteries are bright red in colour, about one 
third smaller than the corresponding veins; they 
cross over the veins, and have a marked white central 
streak. There is some difference of opinion as to the 
cause of this light streak ; the probable explanation 
is that it is due to reflection from the column of blood, 
though some observers think it is due to the 
refraction of the rays of light passing through the 
vessels and reflected back. 

The veins are darker in colour, larger, and pass 
under the arteries, the central white streak is less 
marked and less regular than in the arteries; fre- 
quently pulsation may be seen in the veins, or can 
be easily produced by very slight pressure on the 
eyeball. 

The main central artery often divides just before 
emerging from the disc into two branches, a superior 
and inferior; these again divide into temporal and 
nasal branches, other branches are given off dichoto- 
mously; sometimes the main artery divides on the 
disc itself. As one would expect, the distribution 
varies much in different persons, though there is fre- 
quently great similarity in the circulation of the two 
eyes. A separate artery is often found on the outer 
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side of the disc curving outwards on to the retina, 
and fulfilling the functions of a retinal artery ; this is 
usually a branch of one of the posterior ciliary arteries, 
and is known as a cilio-retinal vessel. 
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CHAFPER V 

CORNEA — ANTERIOR CHAMBER — IRIS LENS 

I HAVE no intention of entering into a discussion on 
the various diseases wliich affect the different struc- 
tures of the eye, but it may be well to refer briefly 
to the methods recommended for the examination of 
each part in a systematic manner, while at the same 
time the ophthalmoscopic appearances indicative of 
disease of the various tissues of the eyeball may be 
shortly described. 

The cornea.^— The cornea is the most important ex- 
ternal part of the eye, and its prominent position 
renders it especially liable to accident : the chief 
pathological conditions from which this tissue may 
suffer usually produce some alteration in its curvature 
or some loss of transparency; these changes are 
almost invariably accompanied with a diminution of 
vision, together with other symptoms. 

Focal illumination is of the greatest value in the 
examination of the cornea — with it, everything will 
be seen in its true position and of its proper colour ; 
foreign bodies such as chips of metal, particles of coal, 
etc., frequently become embedded in this tissue and 



may easily escape detection wlien small, unless great 
care is exercised ; nebulte, irregularities, nlcera of 
various kinds — opaque, transparent, sliallow, deep, 
etc. — are very frequently met with. The curvature 
of tlio cornea may be much altered, as in conical 
cornea ; this can best be seen in profile. Vessels may 
be found on the corneal surface as in pannu3 or 
phlyctenular keratitis, or in the tissue of the cornea 
itself as in interstitial keratitis (in this condition it is 
not possible to distinguish the separate vessels, which 
are often closely grouped together, forming what is 
known as a " salmon patch "). 

Keratitis punctata may also be detected by focal 
illumination; it consists of small particles of lymph 
deposited on the posterior part of the cornea ; these 
small dots increase somewhat in size by proliferation 
of the epithelium ; frequently the spots are arranged 
in the shape of a pyramid, with the apex to the centre 
of the cornea and the base downwards. T lie focal 
illumination may be supplemented with advantage by 
the high magnifying glass (Fig. 33). 

This examination having been extended to the ante- 
rior chamber, iris, and lens, the large concave mirror 
is next taken up, and light reflected into the eye from 
a distance of half a metre ; corneal opacities will now 
appear as black spots in the red of the fundus, due 
to the interruption of the returning rays of light 
from the back of the eyeball. In conical ( 
central illumination will be seen with the 
surrounded by a dark, circular shadow, corresponding 
to the base of the cone. On moving a little farther J 
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back^ so as to use retinoscopy, the shadow will be 
found to have a circular movement. 

Finally the corneal examination may be completed 
by using the direct method, having behind the sight- 
hole of the ophthalmoscope + 20 D. and approaching 
close to the patient. By this means the various opacities 
may be seen in detail. Sometimes a number of fine 
arborescent lines may be detected; these are the 
transparent remains of vessels which are left as per- 
manent evidence of previous keratitis. 

Aqueous chamber and iris. — In some cases with the 
oblique illumination the contents of the aqueous 
chamber may be seen to be muddy; this is due to 
inflammatory material poured out in iritis or cyclitis ; 
here the apparent colour of the iris may be altered, 
or the contents of the aqueous chamber being quite 
transparent, the surface of the iris may be seen to be 
dull, discoloured, and indistinct, the result of inflam- 
matory exudation into its tissue ; sometimes the exuda- 
tion forms a distinct gumma. Blood may be found in 
the lower part of the anterior chamber and is spoken 
of as hyphde/ma ; it is usually due to a blow or iritis ; a 
collection of leucocytes may also take place, forming 
hypopyon, the cause of which may be iritis or a spread- 
ing corneal ulcer. When perforation of the cornea 
has taken place, adhesions between the cornea and iris 
may form {anterior synechiae). Points of adhesion be- 
tween the iris and lens may be detected {posterior 
synechia). Sometimes one or two fibres may be seen 
crossing the anterior chamber from one point of the 
iris to another ; these fibres arise not from the extreme 
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pupillary edge, but from the junction of the radiating 
and circular fibres ; these fibres are the remains of the 
pupillary membrane which existed during intra- 
uterine life. Perforation of the iris from a penetrat- 
ing wound may be readily detected with the oblique 
illumination, and with the mirror the red reflex will 
be seen through the opening; in these cases the lens 
is usually wounded and soon becomes opaque; the 
iris may have become more or less detached from its 
ciliary border [iridodialydn) , as the result of a violent 
blow. Atrophy of the iris and growths of the iris or 
ciliary body may also be conveniently examined by 
these means ; finally, the iris may be examined with the 
ophthalmoscope, having a + 16 D, behind the sight- 
hole. Foreign bodies may occasionally be detected 
in the anterior chamber, and now and then a cilium is 
carried into this chamber by a perforating body, and 
may form the starting-point of a cyst of the iris. 

The lens, — To examine the lens thoroughly, the 
pupil must first be dilated with a mydriatic (p. 32). 
The examination should be commenced with the 
focal illumination; and here a word of warning is 
necessary — do not be too hasty to assume that the 
lens is becoming opaque. This mistake is very 
liable to be made by the inexperienced, especially 
when light from a window is concentrated on the eye 
with the biconvex lens. The reason of this apparent 
opacity is, that as ago advances, the lens becomes 
harder, so that a good deal of reflection takes place 
from the anterior surface of the lens, and gives some- 
what the appearance of diSuse opacity. 
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With the oblique illumination opacities of the lens 
appear in their true colour ; spots of pigment may be 
detected on the anterior capsule, and are evidence of 
previous iritis ; the iris has been adherent to the lens 
at these points, and when the synechia was torn away 
by a mydriatic the pigment was left attached to the 
lens ; pigment in this position may increase by proli- 
feration. 

Anterior polar and pyramidal cataract may easily 
be detected ; the latter variety is usually due to the 
cornea having been in contact with the lens owing to 
perforation having taken place during an attack of 
infantile purulent ophthalmia, a nebula may often be 
seen in the cornea at the point where perforation took 
place ; anterior polar cataract may occasionally be 
connected with the remains of the pupillary membrane. 
Cortical, central, and posterior polar opacities may 
also be seen, but when examining the latter the light 
must be directed into the eye almost at right angles to 
the cornea. Posterior polar cataract is frequently con- 
genital, and may be connected with the remains of the 
hyaloid artery; at other times it may be secondary 
to disease of the fundus, such as retinitis pigmentosa, 
etc. Lamellar is a variety of cataract which is usually 
congenital, and consists of a layer of opaque lens sub- 
stance included between a clear nucleus and cortex. 
This can be well examined by focal illumination 
through a well dilated pupil. 

The examination by focal illumination being com- 
pleted, the concave mirror is next taken up, 
and affords us valuable information as to the amount 
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of opacity present ; the opacities in tins mathod of 
examination show np as black spots, patches, or striie, 
against the ordinary red of the fundus, the return- 
ing rays of light being interrupted by the opaque 
portions of the lens. In lamellar cataract the opacity 
will appear denser at the margin of the opaque portion 
than it does in the centre. Finally the lens may be 
inspected with the direct niL-thod, having a + 16 D. 
behind the sight-hole of the instrument. 

Sometimes it is difficult by focal illuminUition to 
make out the exact position of a fixed opacity in the 
anterior part of the eyeball ; we may then employ the 

leave mirror and notice the displacement which the 
opacity makes with regard to the pupil when we move 
our head slowly from one side to the other. Thus 





supposing, as in Fig, 62, we have three opacities all 
situated on the optic axis, A an opacity on the C' 
B one on the anturior surface of the lens, and C 
the posterior pole, then it is clear that the observer 
looking along the optic axis will see these spots exactly 
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in the centre of the pupil, as at 1. If the observer 
now move his eye from 1 to 2, the position of the 
points with relation to the pupil will have changed ; 
opacity a will have moved towards the upper margin 
of the pupil, opacity b will still be in the centre, 
while opacity c will be nearer the lower edge of the 
pupil. 

Therefore we may state the following rule, that if 
we look into the eye from directly in front, and the 
opacity remains stationary when we move our head 
to one side (the patient^s eye being fixed), then we 
know the opacity must be in the same plane as the iris, 
probably the anterior surface of the lens 3 had it been 
on the cornea, then it would appear to move in the 
opposite direction to the movement of the head ; had 
it been at the posterior pole, then it would appear to 
move in the same direction as the observer's head. 
The quicker the movement that takes place, the further 
is the opacity from the plane of the iris. 
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CHAPTER VI 

THE VITREOUS 

The two chief indications of disease of the vitreous 
are loss of transparency and diminished consistency. 
The focal illumination is sometimes useful in detect- 
ing disease in the anterior part of the vitreous, but to 
use this method to the best advantage it is necessary 
to dilate the pupil and to place the light in front of 
the patient, so that the rays may be concentrated on 
the part we wish to examine, almost at right angles 
to the cornea (Fig. 32). In this way blood, large 
vitreous opacities, or even the crystals of cholesterine 
in sparkling synchysis may be detected when near the 
posterior surface of the lens ; a growth or a detached 
retina projecting a long way forward may occasion- 
ally be seen. This method of examination has the 
distinct advantage of allowing things to be seen in 
their proper colour and in their true position; but, 
as a rule, much fuller information will be gained 
by the concave mirror, though the examination 
of the cornea and lens by the focal illumination 
should always extend to the vitreous before taking up 
the mirror. 
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If no fundus reflex is obtained with the concave 
mirror at a distance, when the light is properly- 
directed into the eye under observation, then the case 
is probably one of profuse haemorrhage into the 
vitreous, presupposing, of course, that the cornea, 
aqueous, and lens are transparent. 

Vitreous opacities when of fair size are readily seen 
with the large concave mirror ; the patient should be 
directed to look quickly upwards, then downwards, 
and finally straight in front of him ; this movement 
will stir up any opacities which may have gravitated 
to the lower part of the vitreous chamber. When the 
opacities are very fine and difficult to see, a plane 
mirror and a subdued light may be an advantage. 

Usually these opacities are floating, moving with 
every movement of the eye, and continuing to do so 
after the eye has come to rest ; but sometimes the opaci- 
ties may be fixed. They vary much in shape, size, 
and position, sometimes being exceedingly small like 
dust, and may require some trouble to detect them; 
at other times they are large and membranous, or in 
shreds, or resembling the wings of insects. Their 
rate of movement will give us some idea of the con- 
sistency of the vitreous : when they move very quickly 
the vitreous must be abnormally fluid; should the 
opacity float very slowly across the field, then its con- 
sistency may not be diminished. 

These opacities may be — (1) Inflammatory exuda- 
tion from one of the surrounding vascular structures, 
as the choroid, or ciliary body. (2) Haemorrhage 
from the retina, choroid, or ciliary body. (3) Coagu- 
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lation of the albuminous elements of the vitreous 
itself. 

Wlien the opacities are very fine, they may simply 
cause a slight blurring of the details of the fundas, 
while the disc may appear very red, and the case may 
then be easily mistaken for papillitis. These very 
fine opacities should be looted for with the direct 
method of examination having a + 8 D. behind the 
sight-hole ; they can best be seen against the lighter 
coloured background of the disc, and a plane mirror 
is an advantage. Fine opacities are generally due 
to the migration of cells accompanying the exudation 
of inflammatory materia! of a serous character from 
some part of the adjacent uveal tract. 

To thoroughly examine every part of the vitreous 
the observer must vary his distance from the patient 
as well as the strength of the lens behind the 
ophthalmoscope; the stronger the lens required the 
more forward will the vitreous opacity be. When 
hiEmorrhage takes place into the vitreous, or the 
exudation is rich in fibrin, the opacities are liable to be 
large and membranous, and may, if very numerous, 
prevent any details of the fundus from being seen. 

Opacities usually appear as black spots, whatever 
their real colour may be, owing to the interruption to 
the returning light, unless they happen to be partially 
transparent, when they will appear grey. Should 
they reflect light from their surface, as do crystals of 
cholesterine and tyrosin, then they may sparkle like 
particles of gold-leaf. A beautiful illustration of 
this condition may be occasionally seen, and goes by 
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the name of sparkling syiichyeie j it is a degenerative 
process, usually accompanied by great fluidity of the 
vitreous. 

In making a diagnosis of opacities in the vitreous, 
corneal and lenticular affections should first he ex- 
cluded by focal illumination; the position of any 
opacity may be judged of partly by its direction and 
amount of movement, and partly also by the convex 
glass through which it can best be seen. 

To estimate the depth of any fixed opacity, we 
illuminate the eye by the concave mirror at a distance ; 
then, if the patient be directed to look upward, it will 
bo obvious that any opacity situated in front of the 
point round which the eye turns (a. Fig. 83), will also 
move upward, while if the opacity be behind this point, 




it will move downward ; and the farther the opacity is 
from the point of rotation, the greater will its move- 
ment be, and therefore the deeper will be the position 
of the body. A glance at the above drawing will 
make this clear, a is the centre of rotation of the 
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eye, B is an opacity on the anterior surface of the lens, 
which on movement of the eye upwards will move 
with it to b' ; c and d are vitreous opacities, whichj 
being situated behind A, will move in the opposite 
direction to the eye, so that on turning the eye 
upwards c will move to c', and d to d' j since d is deeper 
than c, D will have made a greater change in its posi- 
tion than c. 

The real movement, therefore, which fixed opacities 
in the media mate, ia with the eye when the opacities 
are in front of the centre of rotation, and in the re- 
verse direction when behind this centre. Soros 
practice is required to enable one to correctly inter- 
pret what is seen, because with an andilated pupil 
when a point some distance behind the iris but in 
front of the centre of rotation is watched while the 
eyeball is moved in different directions, this point may 
have the appearance of going against the movement 
of the eyeball though really with it ; this is owing to 
the greater displacement of the iris, as explained on 
page 90. 

Foreign bodies, such as chips of metal, may some- 
times bo seen in the vitreous more or loss covered 
with lymph according to the time which has elapsed 
since the accident. Now and then a few air-bubbles 
are carried in with the foreign body, which the ob- 
sei-ver might easily mistake for the foreign body itself 
unless aware of this possibility ; air-bubbles are round, 
reflect light from their centres, and have dark mar- 
gins, whereas the reflex from a foreign body is chiefly 
from its edges. 
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In the case of a perforating wound, a streak of 
opacity may be seen extending through the vitreous 
along the line taken by the penetrating substance. 
I have seen cases where after a puncture of this kind 
the vitreous has remained clear for several days, then 
gradually an opaque line has formed, becoming more 
marked each day, leading eventually to shrinking 
of the vitreous. Here some bacilli must have been 
introduced by the perforating body, and finding the 
vitreous a suitable medium, have undergone pro- 
liferation and growth (stab culture). 

Occasionally some remains of the hyaloid artery 
may be seen floating about in the vitreous, one end 
being attached to the disc, while the other end may 
or may not be connected with the posterior surface of 
the lens. 

A rare condition is one in which new vessels may 
be formed in the vitreous as a result of inflammation 
or large vitreous haemorrhage ; these vessels are more 
or less supported by connective tissue, and when met 
with are usually found in cases with a history of 
syphilis; retinitis proliferans is the name given to 
this condition. 
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THE CHOROID 



TnE importaTit part taken by the choroid in the 
ophthalmoscopic picture of the fundus has already 
been fully described in Chapter IV. Variations from J 
the normal produced by disease of this structure arftj 
frequently met with, and produce yery various ancti 
striking ophthalmoscopic appearances. 

Those alterations may display themselves as- 

1. Changes in colour, pigmentation and level, dm 

to inflammatory exudation. 

2. Atrophic patches and scars, the permanent I 

results of previous mischief. 

3. Hflemorrhages froni one of the choroidal i 
Hyperiemia of the choroid, though probably fre 

quently present, is not recognisable with the opbth^ 
moscope. 

The choroid, owing to its great vascularity, is esp( 
cially prone to inflammation; the term choroiditi 
must be accepted in its widest sense, to include i 
only those cases in which the inflammation ia ■ 
actual progress, but others in which all inflammatoi 
symptoms have long subsided, and of which we hat^ 
permanent evidence in the shape of atrophic patchei 
and spots variously pigmented, as well as those c 
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which from the very first, present more of the cha- 
racters of an atrophy than an inflammation, as in 
senile and myopic choroiditis. 

Choroiditis may be divided into — 
Plastic. 
Suppurative. 

Plastic choroiditis commences as an exudation into 
the substance of the choroid. The exudations are 
cellular in character; they are generally numerous, 
with a tendency to occur in patches or spots scattered 
over the fundus. They can be seen with the ophthal- 
moscope as pink-yellowish coloured spots, slightly 
raised, with soft-looking edges and some haze or 
oedema of the retina. These spots are beneath the 
retinal vessels, and may appear in every possible 
shape, but most frequently tend to the circular. 

In some cases when the deeper part of the choroid 
is primarily affected, and where no disturbance of the 
retinal hexagonal epithelium has taken place, nothing 
may be detected with the ophthalmoscope except a 
slight haze and lifting up of the retina; but sooner 
or later the epithelial layer becomes involved, and 
undergoes atrophy, the pigment is set free, pro- 
liferates, and travels forward into the retina, accumu- 
lating there into spots having all the characteristics 
of retinal pigmentation, very like retinitis pigmentosa, 
which will be referred to on page 115. When the 
retinal epithelium is thus involved in the inflammatory 
process, the condition may be spoken of as Choroido- 
retinitis. 

When the inflammatory symptoms are marked. 
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vitreous opat'ities are usually present, and 
more or less veil the appearances of the choroidal^ 
mischief : in some acute cases no details of the 5 
fundus can be made out owing to the number and"* 
density of the vitreous opacities, and it may only 
be after these have partially cleared up that the 
patches of choroiditis come into view. So that in 
all cases of choroiditis, vitreous opacities must be 
carefully looked for with the direct method and a 
+ 8 D. glass behind the sight-hole of the oplithalmo- 
scope, as described on page 94. 

As the inflammatory symptoms diminish, the t 
elation undergoes absorption together with destrae>J 
tion of the afTected portions of the choroid, so that 1 
ultimately a white patch or scar remains, surrounded I 
or dotted over more or less with pigment, and fre-'I 
quently involving the retina in the cicatrix. The! 
pigment in many of these cases has two sources i first J 
and chiefly, the pigment cells contained in the tissues 
of the choroid; second, the pigment which has escape* 
from the epithelium. The white patches are thq 
bare sclerotic, and may be described as patches ( 
choroidal atrophy. The time occupied from the com 
niencement of the exudative stage of choroiditis teA 
that of complete atrophy of the patches may extent 
over many months, or even years; and when it i 
remembered that the disease gives no external sig) 
of its presence, and produces no subjective symptoi 
so long as the retina and vitreous are not implicate* 
and then makes itself known to the patient, only i 
the impairment of vision which results, it will not l 
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surprising that the mischief may have been in progress 
a long time before it is detected, so that the ophthal- 
moscopic appearance may vary very greatly according 
to the stage and extent of the disease. Any part of 
the choroid may be the seat of inflammation ; some- 
times the periphery is chiefly affected, while in others 
the region of the macula is alone involved. 

One of the difficulties that beset the beginner 
is to decide whether a patch of exudation is in the 
retina or choroid. When a patch of exudation is seen 
surrounding or covering up one of the retinal vessels, 
then it is certainly in the anterior part of the retina : 
as a rule retinal exudations are whiter in colour than 
choroidal, and have very soft-looking edges, with little 
or no pigmentation. Experience alone can teach us 
to arrive at a correct conclusion ; in some cases it is 
difficult for the most expert observer to assert posi- 
tively the exact situation of a given patch. 

In the case of patches of pigment or haemorrhage 
the diagnosis is not so difficult ; retinal pigmentation 
and haemorrhages usually have distinct retinal cha- 
racteristics, which will be referred to on page 115. 

Faralent choroiditis is due to septic emboli in the 
choroidal vessels, and may sometimes be detected 
by focal illumination; as the purulent exudation 
makes its way forward from the back of the fundus 
violent inflammatory symptoms set in, the eye becomes 
tense, and the cornea hazy, so that little can be seen. 

In young children this condition may run a very 
chronic course, when the appearances might be mis- 
taken for glioma (see p. 128). 
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The clinical varieties of choroiditis i 
iiised liy the ophthalmoscope are — 

Disseminated chuToiditis, 

Central choroiditis, 

Myopic choroiditis, 

Senile choroidilis, 
though many cases present mixed characters. 

BiBBeminated choroiditis (Plate III, figs. 1 and 2) ia 
perhaps thu most common variety of the disease, and 
commences as a number of small spots or circular 
patches of exudation which are scattered over this 
fundus, chiefly in the periphery ; as the inflammatory 
exudation becomes absorbed, the tissue of the choroid 
becomes atrophied and destroyed, leaving circular 
patches of bare sclerotic, surrounded more or less by 
pigment. These spots of choroidal atrophy frequently 
bave a sharply defined and punched-out appearance, 
with pigment surrounding them like a collar : in some 
cases no white patches are seen, but spots of pig- 
ment surrounded by a lighter margin ; at other times 
the patches may run together, forming one large 
patch. 

Usually both eyes are affected, though frequently 
the mischief is further advanced in one eye than in 
the other. Syphilis, either acquired or iulierited, ia 
almost invariably the cause of this form of choroiditis ; 
the onlj' distinction that can be made with the ophthal- 
moscope is, that usually there is a greater amount of 
pigment present in the inherited form of the disease. 
Vitreous opacities are frequently met with during the 
exudative stage, and are then generally of a fine dust- 
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PLATE III. 

Pio. 1. — Choroiditis in the exudative stage. Some of the patches 
are of fair size^ others are very small ; no pigmentation had taken 
place when the drawing was made, though it occurred some 
months later; the vitreous was full of fine opacities, which 
rendered the disc margins very indistinct. The patient was a 
man of about 30 years of age, with a very definite history of 
syphilis. Both eyes were affected* 

Fig. 2. — Disseminated choroiditis in a child of 12^ with the 
facial characteristics and notched upper incisor teeth of inherited 
syphilis. 

Fio. 3. — Senile changes in an old man : there has been absorp- 
tion of the epithelial layer of the retina, with great thinning of 
the superficial layers of the choroid; these changes allow the 
deeper vessels of the choroid to be seen in detail. The vessels of 
this layer have undergone considerable sclerosis. 

Fig. 4. — Coloboma of the choroid. The disc is very oval hori- 
zontally; the retina vessels pass over the coloboma without 
interruption. 
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like character, slightly blurring the general details 
of the fundus. 

The degree of impairment of vision depends chiefly 
upon the situation of the patches and the resulting 
scotomata ; when the mischief is confined to the peri- 
phery, central vision may be but little affected. 

Central choroiditis. — In central choroiditis the mis- 
chief is chiefly limited to the yellow-spot region. 
There are several varieties of the disease ; in some the 
changes are of a gross character, while in others they 
are so extremely fine that they can only be seen by 
the direct method of examination, and may even 
then be easily overlooked unless the greatest care is 
exercised. 

In a few cases the appearances are such as would 
suggest that an inflammatory exudation had taken 
place at the macula, that it had afterwards become 
absorbed, and with it most of the choroidal tissue in 
which it was situated, leaving a considerable interval 
between the retina (which in these cases may be 
rendered visible by the pigment on its surface) and 
the sclerotic ; the retina may or may not be perfo- 
rated. The ophthalmoscopic evidence of this interval 
is supplied by the parallax produced, and by the dif- 
ferent lens necessary to focus first the retina and 
then the sclerotic. 

Patients with central choroiditis often complain that 
objects appear distorted (metamorphopsia) ; this is 
due to displacement and separation of the cones. 
Central vision is usually very defective, and when the 
retina is much implicated a positive scotoma results. 
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Myopic ctioroiditlB. — Choroiditis is exceedingly 
coiumon in higli myopia; basidea the congestion aad 
thinning of the choroid, which take place with the 
formation of a large crescent and posterior staphy- 
lomftj mischief is apt to begin in independent centres, 
frequently in or about the macula, and the case ia 
often complicated with choroidal hfcmorrhages ; the 
patient usually complains of groat impairment of 
vision, together with metamorphopsia and general dis- 
comfort of the eyes. 

Benile choroiditis (Plate III, fig. 3) occurs in several 
varieties; in one kind the changes are chiefly con- 
fined to the superficial layers of the choroid, with 
atrophy of the epithelial layer of the retina, affecting 
the parts immediately around the disc or extending 
over the greater part of the fundus. Seen by the 
ophthalmoscope the choroidal vessels are unusually 
distinct, with thickening of theii" sheaths; some of the 
epithelial pigment which has been set free may travel 
forward into the retina ; the disease is usually sym- 
metrical in the two eyes ; vision is much reduced, 
and is generally worse at night. In another variety 
of senile choroiditis a central patch of an irregular or 
circular form takes place at the macula of each eye, 
producing a scotoma; this variety of the disease 
shows but little tendency to spread, ao that although 
central vision is lost, absolute blindness is not to be 
feared. 

A third form of senile central choroiditis is that 
in which a number of very small whitish-yellow spots 
may be seen at the macula, with but little or no dis- 
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iurbance of pigment; they can be detected only by 
the direct method of examination. These spots evi- 
dently invade the retina, so that central vision is 
defective, 

Atrophy of the choroid. — One frequently meets with 
cases in high myopia, and also in old people as a 
senile change, in which the chorio-capillaris together 
with the epithelial layer of the retina have undergone 
almost complete atrophy, producing a very distinctive 
ophthalmoscopic picture, allowing the vessels of the 
deep layer of the choroid to come very clearly into 
view. These cases somewhat resemble those normal 
light-coloured fundi of which the albino is so striking 
an example. In the senile condition of atrophy of the 
choroid the walls of the large vessels are usually 
thickened. In many of these cases the retina would 
seem to be included in the atrophic changes leading 
to deterioration of vision. 

Choroidal haemorrhages are not so frequent as re- 
tinal ; they are usually large, somewhat irregular, and 
of a diffused character; the retinal vessels will be 
seen passing over them ; they are never flame-shaped, 
as is the case with haemorrhages taking place in the 
nerve-fibre layer of the retina. The most frequent 
cause is a blow on the eyeball, but they are also met 
with in high myopia. These choroidal haemorrhages 
frequently leave behind them pigmented scars which 
are not to be distinguished from those left by 
choroiditis. 

The myopic crescent is commonly formed in medium 
and high degrees of myopia, and is due to the choroid 
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being dra^geil itway from the margin of the disc 
togctlier with a t-ertaiii amount of choroidal atropliy ; 
the crescent is always found on the temporal side of 
the disc; sometimes it completely surrounds the 
disc, but even then its greatest breadth is usually 
at the outer side. In high myopia, where a large 
posterior staphyloma is present, a good deal of thin- 
ning of the choroid may take place, the retinal epi- 
thelium may be more or less atrophied, and in 
addition to all tliis some horizontal markings may be 
seen midway between the disc and yellow spot ; these 
are probably slight tears in the superficial part of tlie 
choroid and pigment layer of the retina. Tho myopic 
crescent is again referred to on page 142. 

Bnptore of the choroid occasionally takes place as 
the result of a severe blow on the eye; the rupture 
is usually curved, with the concavity towards the disc. 
When the case is seen early, the details of tho rupture 
are usually hidden by the htcmorrhage that has taken 
place; later, a white curved scar will be seen having 
pigmented edges. The degree of impairment of vision 
of course depends upon the situation of the rupture ; 
when near the macula it may be very great. 

Tubercle of the choroid may occur either in the 
miliary form or as a large tubercular mass; though 
not very frequently met with, it probably often exists 
undetected in cases of tuberculosis. The disease ap- 
pears in small white or yellowish-white spots, some- 
what raised; sometimes several spots become confluent, 
forming a mass as large as, or larger than, the disc. 

Colcboma of the choroid (Plate III, fig. 4) is a con- 
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genital condition occasionally met with, and, unless 
the student is aware of its existence, he will be 
sure to confound it with some serious pathological 
condition. 

Coloboma of the choroid is due to imperfect closure 
of the foetal ocular cleft ; it always occurs downwards, 
and may be associated with a similar defect of the iris, 
lens, or ciliary body. The coloboma may vary much 
in size, being usually very white with variations in the 
colour at different parts, owing to irregularities of the 
sclerotic; sometimes there is considerable bulging 
outwards of the part. The retinal vessels may be 
seen coursing across the white area; when the colo- 
boma extends up to the edge of the disc, the latter is 
usually misshapen, being more or less of a horizontal 
oval. 

Colloid disease of the choroid. — Occasionally small 
transparent bodies may be found growing from some 
part of the choroid, especially in eyes that have been 
affected with choroiditis ; these bodies may occur as 
minute separate spots or arranged in a group ; each 
spot grows from the lamina vitrea, at first pushing 
forward the retinal epithelium, which gradually 
undergoes atrophy, and finally allows the most promi- 
nent part of the growth to pass through ; in this case 
some pigment may be found surrounding the base of 
the small transparent growth. 

Sarcoma of the choroid may be met with either pig- 
mented or unpigmented, and may belong to any of 
the varieties — round-celled, spindle-celled, or mixed. 
When seen in an early stage of the disease, it may be 
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diflScult to distinguish from a simple detachment of 
the retina (p. 117). 

In the albino there is a congenital absence of pig- 
ment both in the retinal epithelium and in the tissue 
of the choroid, as well as in the iris. This condition 
is shown in Plate I, fig. 2. 
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THE RETINA 



When it is remembered that the retina in front of 
the pigment layer is transparent, it will be under- 
stood that the appearances produced by disease of 
this part may be much modified by the condition of 
the choroid, etc. Affections of the retina may give 
rise to — 

1. A loss of transparency. 

2. Swelling of the retinal tissue. 

3. Inflammatory exudation into the retina. 

4. Haemorrhages of various kinds. 

5. Changes in pigmentation. 

6. Differences in level of different parts, due to 

detachment or new growth. 

7.. Changes in the retinal vessels. 

(1) Loss of transparency is most commonly the 
result of retinitis, and may vary from the slightest 
haze which is found in the early stage of inflamma- 
tion, and which can only be detected with difficulty 
by the direct examination and by using a very sub- 
dued light, to dense white patches which may conceal 
everything behind them. 
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(2) Swelling of the retinal tissues is generally most 
marked near the disc, being due partly to increased 
fulness o£ the capillaries with hypertrophy of the 
connective -tissue elements, together with swelling of 
the nerve-fibres. The most obvious ophthalmoscopic 
signs of this swelling of the retina are, that the 
striations of the nerve-fibres are more distinct than 
normal, while the vessels are more tortuons, tlie 
tortnosity showing itself not only in a lateral but also 
in an an tero -posterior plane ; this is proved by the 
change of colour wliere the vessel bends backwards, 
and signifies great irregularity of the retinal surface. 

(3) Inflammatory exudation into the retina may be 
serons, fibrinoas, or purulent in character. Hetinitia 
may affect the whole retina or be limited to one part. 

The clinical varieties commonly met with are — 

Albuminuric retinitis. 

Diabetic retinitia, 

Syphilitic retinitis, 

LeucocythGemio retinitia, 

Septic retinitis ; 
but cases are sometimes seen in which the cause is 
obscure, and these are called iiliopatkir. 

Retinitis produces no subjective sign of its presence 

beyond impaired vision. The ophthalmoscopic sym- i 

ptoms are loss of transparency, hiemorrhages, white : 

patches, increased fulness and tortuosity of the veins, 

with swelling of the retinal tissue. 

The white patches aro usually irregular in shape, 
with Boftish -looking edges, and occur most frequently 
around the macula or between it and the disc. These 
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patches consist partly of inflammatory exudation in 
various stages of fatty degeneration, together with 
thickening and degeneration of the nerve-fibres : they 
may lie in front of and partly hide the retinal vessels ; 
when this is the case we know that the anterior part 
of the retina must be involved in the morbid process. 
Sometimes the patches are behind the vessels, which 
may then be slightly lifted up by them. 

Albuminuric retinitis is. the commonest variety 
of retinitis, and presents the most characteristic 
appearances; the white patches often occur in the 
form of a star, radiating from the macula like the 
spokes of a wheel, the whole forming a circle or por- 
tion of a circle, and having a white, lustrous appear- 
ance; in most cases numerous retinal haemorrhages 
are present and there is marked arterio-sclerosis. 
Both eyes are usually affected, and the condition is 
often accompanied with papillitis. 

The kidney disease which most commonly gives 
rise to this form of retinitis is that known by the 
name of granular kidney, the mischief being in- 
variably in an advanced stage ; although it must be 
borne in mind that occasionally the retinitis precedes 
the presence of albumen in the urine by some months : 
though the radial artery will usually feel rigid with 
increased arterial tension. Tumours of the brain 
sometimes produce exactly the same ophthalmoscopic 
appearance as the retinitis due to kidney disease. 

Diabetic retinitis presents very much the same 
ophthalmoscopic signs, though there are usually more 
haemorrhages and the patches appear less white and 
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are more scattered, having little tendency to form the 
stellate arrangement so characteristic of the albnmi- 
nuric variety. Thia form of retinitis may be com- 
plicated with vitreous opacities. 

Syphilitic retinitis may occur with or without 
choroiditis; when the retina is alone affected the 
most marked ophthalmoscopic sign is a diffused haze 
over the whole retinaj which diminishes the bright 
red fundus reflex. 

LeucocytJis^mic retinitis is characterised by the 
great tortuosity and size of the retinal vessels as well 
as by the light yellow colour of the fundus reflex. 

Septic refiniti's may occur in pyiemia as a result of 
septic emboli, the retinitis becoming pnrulent and 
extending to the other tissues of the eye, ending in 
general panophthalmitis. 

(4) Htemorrhftges in the retina come most frequently 
from the capillaries, but thpy may take place fi-om 
the veins or the arteries, and are usually sympto- 
matic of some general disease. Retinal hicmorrhages 
may be caused either by increased pressure within 
the vessels, by degeneration of the coats of the vessels, 
by changes in the blood itself, or by trauma; they 
may be met with in retinitis, papillitis, embolism of 
the central artery, thrombosis of one of the veins, 
aniemia, pressure on any part of the optie nerve 
between the disc and the point where the vessels 
pierce the nerve-sheath, cardiac disease, glaucoma, or 
any of the numerous accidents to whicli the eye is 
liable. The shape and extent of the hoemorrliages 
depend in great measure upon the part of the retina 
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in which they occur; the most common are those 
taking place in the nerve-fibre layer, when the ha)mor- 
rhages are ^^ flame-shaped," with well-marked lateral 
edges and feathery ends. These haemorrhages most 
commonly take place from the capillaries and have a 
linear shape, radiating from the disc ; they are usually 
small and numerous, and occur near and follow the 
course of the vessels, especially the veins, though it is 
rare to find any visible rupture ; sometimes they 
partially cover up one of the vessels. The next most 
frequent position for retinal haemorrhages is the inner 
nuclear layer. When taking place into the deeper 
parts of the retina they may occur as small spots or 
irregular-shaped circles, and are usually capillary in 
character. If the bleeding take place from a large 
vessel and is profuse, some may escape into the vitreous, 
or being effused backwards may separate the retina 
from its epithelial layer, and so produce a detachment 
of the retina. 

Retinitis with a large number of haemorrhages is 
sometimes spoken of as lisemorrhagic retinitis. 

Large haemorrhages are occasionally seen in the 
macula region, and are called sub-hyaloid, because 
they occur between the retina and the hyaloid mem- 
brane. They are usually circular in shape, several 
times as large as the disc, and are accompanied with 
great loss of vision for the time being. When the 
extravasated blood forms only a very thin layer over 
the retina, the patient may see everything of a red 
colour. These haemorrhages, which are at first cir- 
cular, soon become decolourised above, partly no 
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douTjt Ijy f^ravitatiou of the blood-corpuscles, ancLl 
partly also by absorption, so that when the case is I 
seen latfr it may have taken the form of a half-circle I 
or crescent with its convexity downwards, the npper J 
part of the circle being of a light colour and the J 
lower part dark red, separated by a well-defined Una J 
of demarcation. Vision in these cases is usually i 
completely restored. 

Recent retinal haamorrliages are of a bright red ' 
colour; they may retain this colour for a loug time 
and then become of a dirty, reddish-brown tint, ulti- 
mately turning black; or the colouring matter may 
be absorbed, leaving white or yellow patches, which 
gradually undergo degeneration : ultimately they may 
leave no trace behind, or there may be irregular spots 
left to mark their previous position. These spots 
may be white or light coloured, showing more or less 
of the structure of the choroid, with some pigment 
about their margins. Sometimes the spots are very 
small, consisting merely of pigment, which may be 
either the remains of the colouring matter of the 
blood, or pigment set free from the hexagonal epithe- 
lial cells. It is not always possible to make a dia- 
gnosis between inflammatory and ha;morrhagic aears 
in tlie retina and choroid. 

The only conditions which might be mistaken for 
a haimorrhage of the retina are— (i) The cherry- 
coloured spot which occurs at the macula in cases of 
embolism of the central artery. (ii) A red spot at 
the macula met with in traumatic cases, and is pro- 
bably produced by a tear in the retina at this part. 
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(iii) The somewhat similar appearance produced in a 
detached retina in the macula region, the retina being 
detached all round but remaining adherent at the 
macula itself ; this is a rare condition. (iv) Minute 
new vessels which have formed in a retinal exudation. 
All these may more or less simulate a retinal haemor- 
rhage, and it is necessary the student should be on 
his guard. 

(5) Changes in pigmentation may be due to any in- 
flammatory or atrophic change taking place in the 
retinal epithelium. 

Retinitis pigmentosa (Plate IV, fig. 1) is the disease 
in which these changes are most frequently seen. 
It consists of hypertrophy with gradual shrinking 
of the connective tissue contained in the different 
layers of the retina, together with atrophy of the 
nerve elements and the migration of the pigment 
set free from the epithelial layer, which travels 
forward into the anterior part of the retina, and 
there undergoes proliferation. This pigment shows 
a great tendency to coalesce into spots with radiat- 
ing processes, very much like bone-corpuscles as 
seen under the microscope. As the radiating pro- 
cesses from one spot join with those of adjacent 
spots, a fine network is produced, somewhat resem- 
bling black lace. In some cases the pigment will 
be found accumulating along the sheath of one 
of the retinal vessels. These pigment changes are 
usually most marked in the periphery, often occupying 
a zone midway between the margin of the disc and 
the equator; no satisfactory explanation has been 
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given of this peculiar arrangement taken up by the 
pigment. 

While these changes are going on, the walls of the 
vessels are becoming thicker at the expense of their 
internal capacity, and this diminution of the blood- 
stream is frequently the first ophthalmoscopic sign of 
the disease. The diameter of the vessels continues to 
decrease, while the retina undergoes a gradual sclerosis 
until ultimately the different layers become unrecognis- 
able, the rods and cones being quite destroyed. Early 
in the disease the disc becomes pale, assuming gradually 
a waxy opaque look ; both eyes are always affected. 

The chief symptoms which accompany this disease 
are, great torpor of the retina, with decreasing vision, 
concentric contraction of the visual fields, night- 
blindness, etc. Frequently posterior polar cataract 
accompanies retinitis pigmentosa, and may be duo to 
pigment travelling forward from the retina along the 
central lymph channel to the back of the lens, where 
it adheres and proliferates. 

Retinitis pigmentosa may be congenital, or it may 
occur in early life. Some varieties of specific choroido- 
retinitis present much the same ophthalmoscopic 
appearances. 

Exposure to a strong light, as looking at an eclipse 
of the sun, or an electric light, may produce pigmen- 
tary disturbance at the macula. 

It is most important to distinguish retinal from 
choroidal pigmentation. 

Retinal pigryientation, — The pigment is lace-like or 
has the appearance of bone corpuscles. 



PLATE IV. 

Fio. 1. — Eetinitis pigmentosa. In this case a great deal of 
pigment has migrated into the superficial layers of the retina. 
The vessels are very fine, and the disc waxy-looking. 

Fig. 2. — ^Thrombosis of the central vein. Probably in this case 
the main vein is only partially obstructed ; one vein appears to 
carry no blood; numerous haemorrhages are present, some of 
which are becoming decolourised. 

Fig. 3. — Atrophy of the optic disc. The vessels are attenuated, 
the disc is very white. There is a large sclerotic ring, which is 
probably congenital. The choroidal vessels are to be seen with 
dark-coloured interspaces. 

Fig. 4. — Albuminuric retinitis. Numerous haemorrhages, both 
flame-shaped and punctate in character, are present ; the white 
patches of degeneration are very bright in the region of the 
macula. The vessels are characteristic of the disease, the veins 
being full and tortuous, the tortuosities being both lateral and 
antero-posterior. Where the lower temporal artery crosses the 
vein it conceals it for a short distance on both sides; this' indi- 
cates thickening and opacity of the arterial coats. 




Fig.t. 



MKNT OF THK RETINA 119 

*' ])arallax " will bo produced 

lation gives us much fuller iiifor- 
Irrsicliineiit is thus looked at, the 
shortened and wavy appeariiiice ; 
1 the vessels on it will also be 
ypermetropic — that is, supposinor 
«■ are seen clearlv Avithout a con- 
M» ophthalmoscope, and tliat the 
iss blurs these details : the de- 
iM* retina, or if it be transparent, 
I , may be seen Avith a strong con- 
• forward the retina, the higher 
wliich it can be seen. If the 
iius found out, we may estimate 
i tlie detachment and the sclera; 
i., so that if the vessel in question 
( Mm vex 12 D., while the disc was 
should know that this distance 
■liments are, however, most f re- 
myopes, so that a concave glass 
' » see the details of the disc ; and 
■rliment may be clearly seen Avith 
difference between the Aveakest 
liich the disc cjin be clearly seen 
'•X glass Avith Avhich the particu- 
M, Avill give us the measurement 

:jrfc of the detachment is trans- 
.Ms become opaque; sometimes a 
. so rlint the fluid in front and 



'■- -a 



DETACHMENT OP THE RETINA 117 

The pigment shows a tendency to get into the 
sheaths of the retinal vessels and into the anterior 
layers of the retina. No white patches of choroidal 
atrophy. 

Choroidal pigmentation.-^The pigment occurs in 
large irregular masses, often surrounding patches of 
choroidal atrophy. The pigment is always below the 
retinal vessels and usually in the deep layers of the 
choroid. 

(6) rifferences in level of various parts of the retina. 
— It is essential that the student should learn to 
recognise these differences, since detachments of the 
retina are very common. When such detachments are 
large and the retina opaque, they can hardly escape 
detection; but when the portion of retina detached is 
small and retains its transparency, the diagnosis is by 
no means so easy. In making a systematic examina- 
tion, a detachment may now and then be seen with 
focal illumination, when the displaced portion of the 
retina is very large and lies a long way forward. 
Usually, hoAvever, this is not the case, and having 
detected nothing with the focal illumination, one 
passes on to the concave mirror held at a distance 
from the eye, the patient being directed to look first 
up, then down, and finally straight in front of him ; 
thus one is enabled to make a thorough examination 
of the vitreous. Should the reflex from one part of 
the fundus appear much lighter than the rest we may 
suspect a detachment, especially if the reflex of the 
part alters while the eye is kept in one position, as it 
may do when the retina changes its position so that 
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the light is reflected differently. Not only is there an 
alteration in the reflex of the part, GspBcially when 
the detachment is opaque, but a portion of the details 
may come into view, while nothing can be seen of the 
rest of the fundus ; this is because the detached 
portion is very hypermetropic, so that an upright 
image of that part will be seen. The detached portion 
may, if opaque, appear in white undulating folds, on 
which some of the vessls may be clearly seen; on 
movement of the eye it may float about. When, 
however, tho retina retains its transparency, the 
ordinary fundus reflex from tho choroid will be seen, 
and tho diagnosis will rest upon the position of the 
vessels on the detached transparent retina. When 
a retinal vessel on a transparent detachment thus 
eomea into view it has a characteristic appearance ; it 
shows up very clearly, appears smaller than normal, 
undulates when the eye is moved, and is more 
tortuous than usual. Besides all this it has a much 
darker look than normally, while the central light 
reflex on it will have disappeared. The darker appear- 
ance is due to the light reflected from the choroid being 
somewhat obstructed by tlie vessel, so that it is seen 
partly by reflected and partly by transmitted light ; 
this appearance is quite characteristic, and should at 
once set one on the right track. Then, on putting 
up the objective for the indirect method, the detached 
retina or the vessels on it will appear different from 
the rest of the fundus ; and on moving the lens slightly 
from side to side while the image is kept in view, the 
detached portion will look to slide over the other 
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part, and thus a " parallax " will be produced 
(p. 137). 

The direct examination gives us much fuller infor- 
mation ; when the detachment is thus looked at, the 
vessels have a foreshortened and wavy appearance ; 
the detachment and the vessels on it will also be 
found to be very hypermetropic — that is, supposing 
the details of the disc are seen clearly without a con- 
vex glass behind the ophthalmoscope, and that the 
weakest convex glass blurs these details : the de- 
tached portion of the retina, or if it be transparent, 
then the vessels on it, may be seen with a strong con- 
vex glass; the more forward the retina, the higher 
the glass through which it can be seen. If the 
strongest glass be thus found out, we may estimate 
the distance between the detachment and the sclera ; 
for 3 D. equals 1 mm., so that if the vessel in question 
could be seen with a convex 12 D., while the disc was 
emmetropic, then we should know that this distance 
was 4 mm. Detachments are, however, most fre- 
quently met with in myopes, so that a concave glass 
would be necessary to see the details of the disc ; and 
yet perhaps the detachment may be clearly seen with 
a convex glass; the difference between the weakest 
concave glass with which the disc can be clearly seen 
and the highest convex glass with which the particu- 
lar vessel can be seen, will give us the measurement 
we require. 

In many cases a part of the detachment is trans- 
parent Avhile a part has become opaque ; sometimes a 
rent can be detected, so that the fluid in front and 
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behind the detachment being in direct communication, 
the retina can float about with every movement of the 
eye. The edges of the torn retina will be found 
turned in towards the vitreous. 

When the detachment takes place in the macular 
region, the retina usually remains adherent to the 
macula itself, thus producing an ophthalmoscopic 
appearance somewhat like the cherry-red spot of em- 
bolism; this red spot might also be mistaken for a 
haemorrhage by an inexperienced observer. 

The character of fluid behind the detachment can- 
not often be diagnosed ; it is most frequently serum of 
a light straw colour, but it may be blood : a more 
important point, however, to arrive at is — is the de- 
tachment due to fluid or is it due to a new growth ? 
Other points not resting on the ophthalmoscope must 
be called to our aid to enable an accurate opinion to 
be formed. Thus the history of the case, the position 
of the detachment, and the tension of the eyeball may 
help us to arrive at a correct conclusion. In simple 
detachment the tension is liable to be diminished, 
Avhile in that due to a growth the tension is usually 
above the normal at some period of its growth. As a 
rule the surface of a growth is more prominent, some- 
times a haemorrhage being visible upon it. No undu- 
lation of the detachment will be detected on moving the 
eye, and if the case be Avatched for some weeks it may 
be noticed if any increase is taking place. Detach- 
ments are most frequent in myopic eyes, but a new 
growth may occur in any eye, whatever its refraction. 
Detachments are frequently accompanied by vitreous 
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opacities, which may interfere more or less with the 
ophthalmoscopic picture. Posterior cortical cataract 
is another complication that may arise from detached 
retina. 

(7) Changes in the retinal vessels. 

(a) They may be increased or diminished in 

size. 
{b) They may be unusually tortuous. 
(c) Pulsation may be present in the veins or 

arteries. 
{d) There may be alterations in the central 

light streak on the vessels. 
(e) The coats of the vessels may be thick- 
ened and their transparency diminished, 
(a) Changes in the size of the retinal vessels may 
present numerous varieties, and are not always easily 
detected on account of the great individual differ- 
ences that are met with ; but a careful comparison of 
the vessels in the two eyes, together with the relative 
size of the arteries and veins, may assist one in 
arriving at a correct conclusion; the veins are as a 
rule about one third larger than the arteries. 

The comparison of the relative size of the veins 
and arteries may be somewhat complicated if their 
distribution does not correspond; for instance, two 
veins may accompany one artery, or vice versa. 

Increase in the size of the arteries is not common, 
and when it does occur is usually due to some affec- 
tion of the coats of the artery which has impaired its 
tone and contractility ; it is seldom seen as a result of 
retinitis or papillitis, as might be expected. Increase 
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in the size of the arteries is most marked in retinitis 
due to leucocythaemia. 

Decrease in the size of the arteries is much more 
common, and is often very marked in optic atrophy, 
retinitis pigmentosa, or any other disease causing 
atrophy of the retina ; it is also a frequent result of 
the retrogressive changes following papillitis and reti- 
nitis ; other causes are, increase in the intra-ocular 
tension, embolism, thrombosis, and anaemia. 

Increase in the size of the veins is frequently met 
with, and it is usually due to inflammation of the retina 
involving the walls of the vessel, or to some disease 
producing general venous congestion, or to direct pres- 
sure on the venous trunk as it loaves the eye ; the in- 
crease in the size of the vein is generally accompanied 
by an increase in its length Avhich shows itself by 
greater tortuosity than normal ; all the veins may be 
thus affected or only one, or even only a part of one. 

Decrease in the size of the veins is much less 
common than increase, and may be due to atrophy 
of the retina or optic disc, embolism, thrombosis, or 
any degenerative process taking place in the vein 
itself. When the veins seem slightly enlarged, espe- 
cially if the disc is redder than usual, the case may 
be one of hypera)mia. 

In anemia the arteries are slightly diminished, and 
the disc find gencrjil fundus pale, owing to the blood 
being of a lighter colour than normal from a defi- 
ciency in the number of red blood-corpuscles. 

In filbnminuric retinitis the coats of the arteries 
are always thickened and their calibre diminished. 
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Occasionally small aneurisms are found on some of 
the arteries. 

In atrophy of the papilla or retina the vessels will 
be found diminished in size, and when this atrophy is 
the result of inflammation a white line may frequently 
be traced a good way along the sides of the larger 
arteries. This white line is due to sclerosis of the 
middle coat of the artery, or to an increase of the 
connective-tissue elements of the arterial sheath, 
which not being transparent can be easily seen by the 
direct method. In rare cases not only may the sides 
of the vessels be visible, but the front part also, so 
that no blood-stream can be detected, the vessels 
appearing as white-looking cords. The same con- 
dition may occasionally be seen in the choroidal 
vessels. When the retinal vessels are very much 
diminished in size they may appear as small threads, 
stretching but a short distance over the fundus. 

But the most obvious change produced in the size 
of the vessels is that due to emholism of the central 
artery ; and since this artery has no anastomoses, the 
retinal circulation can never be thoroughly re-estab- 
blished. The cause of embolism is usually a plug of 
lymph detached from one of the cardiac valves, plug- 
ging the main central artery ; there is sudden and 
almost total loss of sight without pain or giddiness ; 
and if the case be seen early the ophthalmoscopic 
appearances are very characteristic. The embolus is 
not generally visible, but there is great pallor of the 
disc ; the arteries are much diminished, the veins 
slightly dilated, but decreasing in size towards the 
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disc ; sometimes the blood-stream is broken up into 
segments, retinal liiemorrhages are usually present, 
and a white hazy, opaque appearance surrounds the 
macula, the centre of which is occupied hy a bright 
red spot (cherry-coloured spot). This opaque appear- 
ance is due to OBdcma of the ncrve-fibro layer. The 
retina of the fovea centralis is very thin, and contains 
but little connective tissue, so that no cedema takes 
place here, therefore the red of the choroid shows 
through ; this colour is much intensified by the white 
appearance around, and possibly also by congestion 
of the choroid ; so that really the cherry-coloured 
spot is produced chiefly asj the result of contrast. 
Should the embolus be too small to plug the central 
artery, then it may block up one of the main branches, 
and the ophthalmoscopic picture will vary accordingly. 
Later, the disc becomes atrophic, the oedema subsides, 
and therefore the red spot disappears, while the 
arteries will always remain very small. A similar 
condition may be produced by a hicmorrhage into the 
optic nerve sheath. 

Thromhosis of the central vein produces somewhat 
analogous appearances, but the arteries are larger, the 
veins much fuller, while retinal hfemorrhages are more 
numerous and larger. 

(t) The vessels may he unusually iartnous, which is 
expressed by their increased length; these tortuosi- 
ties when present are usually lateral. The condition 
may be met with in cases where a nievus of the 
skin of the lids or brow exists, or it maybe one of the 
permanent remains of an attack of neuro-retinitis ; it 
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is also occasionally found as a congenital condition, 
and then usnally in eyes that are highly hyperme- 
tropic. The tortuosity of vessels on a portion of de- 
tached retina has already been referred to, and may 
then be in an antero-posterior plane, i, e, at right 
angles to the surfaces of the retina, as well as lateral. 

(c) Pulsation of the arteries and veins, — Arterial pul- 
sation is almost always a pathological condition, and 
is due either to increased tension or to heart disease -, 
it is most commonly seen in cases of glaucoma, and is 
then an important diagnostic sign ; when due to heart 
disease it is usually the result of aortic regurgitation, 
the pulsation extending a considerable distance along 
the artery, sometimes even to the smaller vessels, while 
in glaucoma the pulsation is usually confined to the 
disc. Arterial pulsation occurs in glaucoma either 
spontaneously, or may easily be produced by slight 
pressure on the eye ; and since the tension of a glau- 
comatous eye is liable to vary at different times, 
so will the pulsation be more apparent sometimes 
than at others ; it is usually not present in all the 
arteries at once, and is best seen on the disc. It con- 
sists of a very sudden dilatation, which is synchronous 
with the cardiac systole, and is followed by a gradual 
emptying, the rapidity of arterial pulsation is a great 
contrast to the steady pulsation which takes place in 
the veins. 

No pulsation exists in the normal eye, partly because 
the arteries here are so small that the pulse-wave has 
become very feeble, and partly because the intra- 
ocular tension exactly balances the tension on the in- 
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side of the vessels, and therefore the blood passes on 
in an almost continuous stream. In glaucoma the 
intra-ocular tension is greater than that in the vessels, 
so that the blood is able to flow along the retinal 
arteries only during the systole of the heart ; when the 
pressure is lowered during the diastole, the arteries 
are occluded by the intra-ocular pressure. 

Venous pulsation is usually physiological, but it 
may occur with an increase of the intra-ocular tension. 
This pulsation can best be seen on the disc, sometimes 
at the point where the main vein is formed by the 
junction of the upper and lower retinal veins. It 
consists of a gradual emptying and refilling of the 
vessel, and is possibly due to the slight increase of 
the intra-ocular tension which occurs with each con- 
traction of the left ventricle, this increase being trans- 
mitted through the vitreous to the veins, causing 
them to empty. The veins, however, quickly refill as 
the tension is lowered. 

(d) Alterations in the light streak of the retinal 
vessels, — It must be remembered that the retinal ves- 
sels on section are oval, the perpendicular diameter 
being less than the horizontal; the fuller the vessels 
the more they tend to the circular. This condition 
influences considerably the breadth of the light reflex ; 
the flatter the vessels the broader the reflex. The 
colour of the blood in the vessels also makes some 
difference ; the lighter the colour, the better marked 
is the central streak. 

The light reflex is better marked and more regular 
in the case of the arteries than the veins, and can be 
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traced further upon the former than upon the latter. 
In oedema of the retina the reflex is much diminished, 
while in detached retina it is usually absent. 

(e) The walls of the vessels may he thickened. 
The arteries are most frequently affected {arterio- 
sclerosis) as a result of inflammation or degeneration. 
Inflammation may produce a thickening of the vessel- 
wall without any loss of transparency and so cause a 
diminution in the carrying capacity of the vessel, or 
the thickening may be of an opaque character ; 
inflammation may affect the outer part of the vessel 
and its sheath causing an increase in the connective- 
tissue elements, with a corresponding increase in the 
outside diameter of the artery, while its calibre may 
be diminished ; or the muscular coat of the vessel may 
be considerably thickened. The ophthalmoscopic signs 
of these conditions are, an apparent interruption in 
the blood-stream of a vein where the thickened artery 
crosses it ; increase in the light streak of the arteries, 
as well as a wliite line along the sides of the vessels ; 
in extreme cases the vessels may appear as white 
opaque cords. 

This condition of thickening of the sheath and outer 
part of the vessel is known as perivasculitis ; when 
the condition exists only in the arteries it may be 
spoken of as periarteritis. 

Eetinitis circinata is that condition which is occa- 
sionally met with in which there is a dense exudation 
arranged in the form of a large circle around the 
macula, with pigmentary disturbance in the macula 
region itself. 
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CDmmotio retinae. — SomHtimus after a severe contu- 
sion of the eyeball some part of the retina may 
assume a white clouded appearance, which may be 
accompanied by impaired vision, ciliary redness, and 
photophobia. These symptoms usually pass off in 
thirty-six hours. The condition is probably one of 
tedema of the retina. 

EetinitiB proliferans is the name given to that con- 
dition in which new vessels grow ont into the vitreous 
supported by connective tissue. Bands may be seen 
stretching from one part of the fundus to another. 
Some observers think that these cases commence as 
large vitreous hemorrhages. 

Qlioma of the retina is a very malignant disease, 
commencing usually in the neuroglia of one of the 
granular layers of the retina. It is most common in 
infants, but may occur up to the age of ten or twelve 
years. Sometimes both eyes are affected. This con- 
dition is best examined by focal illumination, when the 
growth will be seen of a pink-whitiah colour, smooth 
or lobulated, and frequeutly with blood-vessels on its 
surface. 

Glioma may be mistaken for inflammatory exuda- 
tion in the vitreous, a condition sometimes called 
pneiido-glioma ; the distinguishing points are, that in 
pseudo-glioma the colour is usually yellow or atraw- 
coloured, the surface is flat, posterior synechias fre- 
quently exist, \vhile the iris itself is pushed forwards 
in the centre aiid retracted in its ciliary portion; the 
tension is usually subnormal ; whereas in glioma tlie 
whole of the iris is pushed forward, and the tensioii 
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may be increased during some part of its growth, 
and is never subnormal so long as the coats of the eye 
have not given way ; no posterior synechias exist, and 
the growth is of a pinkish colour and vascular. 

Among ophthalmoscopic curiosities may be men- 
tioned a very striking appearance ; the whole macula 
region may be found dotted over with light-coloured 
spots of various sizes, a condition which always exists 
in both eyes, and has been described under the name 
of guttate choroiditis, though it is probably not choroi- 
ditis at all but a physiological condition due to the 
pigment in some of the hexagonal epithelial cells being 
of a lighter colour than it is in the rest of the fundus, 
and may be somewhat analogous to freckles on the 
face; but as no case has yet come within range of the 
microscope, the exact situation and cause of these spots 
is doubtful. 

The vision in such cases is usually good, some 
having been watched for years without undergoing any 
change. 

Now and then a row of spots may be seen, some- 
what like a number of small air-bubbles. These are 
probably small transparent growths from the lamina 
vitrea. 

A few very bright refracting spots are occasionally 
met with, usually near the vessels. Their pathology 
is unknown. Cases in which they are present often 
suffer from asthenopia. 

Besides the conditions already mentioned, cysts of 
the retina, rupture of the retina without a correspond- 
ing rupture of the choroid, and congenital retinal 
pigmentation may occasionally be met with. 

9 
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CHAPTER IX 



THE OPTIC NERVE 



The only part of the optic nerve to be seen with 
the ophthalmoscope is the disc. Changes taking place 
in the nerve may or may not cause alterations in the 
disc. It is necessary to remember that the optic nerve 
passes through the rigid sclerotic opening, which is 
somewhat funnel-shaped, the narrowest part being in 
front ; the nerve fits it closely, so that when any swell- 
ing takes place in this part, the sclerotic opening acts 
as a ligature, and may cause serious changes in the 
nerve-fibres as well as considerable obstruction to the 
retinal circulation. These changes may be made 
apparent by swelling, etc., of the optic disc. 

The central artery and vein are for the nutrition of 
the retina, and have nothing to do with the nutrition 
of the disc itself. Since no anastomoses take place 
between these vessels and those of the surrounding 
structures the retinal circulation is terminal. 

Abnormal conditions of the disc may cause — 

1. Alterations in colour and transparency. 

2. Alterations in surface level. 

3. Changes in the margins of the disc. 
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1. Alterations in colour. — Great variations are met 
with in the colour of the discs in different subjects, 
so that it is extremely difficult in many cases to 
decide when any increase of the normal colour has 
taken place; sometimes, no doubt, the illumination 
necessary for the examination may cause temporary 
flushing of the disc, hence too much reliance must 
not be placed on this fact alone. A comparison of 
the colour of the discs on the two sides may help one 
to arrive at a correct conclusion. Undoubtedly 
hyperaemia does frequently exist, and will cause an 
increase in the normal pink colour, this increase of 
colour being due to fulness of the capillaries. When 
the hyperaemia is marked in character, it is usually 
accompanied by some increase in size of the retinal 
veins, with possibly some slight softening of the 
margin of the disc ; this change will be best detected 
by the direct examination. 

Both eyes are usually affected. This condition of 
hyperaemia may remain for a long time and then 
gradually subside, or it may go on to inflammation, 
and will be referred to later under the head of papil- 
litis ; or it may pass on to the opposite condition, 
atrophy of the optic disc. 

AnaBviia may cause the discs to look paler than 
usual ; whilst at the same time the retinal vessels may 
be badly filled. In pernicious anaemia the red of the 
choroid may be diminished, while the retinal veins 
may be almost as light-coloured as the arteries. As 
age advances the disc becomes paler, so that a pale 
disc, which, when seen in an old person, may be normal, 
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may in a young individual indicate a condition border- 
ing on atropliy. 

Atrophy of the optic nerve may be divided into — 
Primary. 
Secondary. 
Consecutive. 

Primary atrophy is that condition which is not 
preceded by any iuHanimatory action ; though it must 
be remembered that since failing vision is almost the 
only symptom of atrophy, tho disease may have been 
in progress for a long time before being detected, 
and any inHammatory action which may have pre- 
ceded the degenei-ative processes may have vanished, 
leaving no indication behind. Primary atrophy 
may exist as a purely local diaeaso, but is most com- 
monly met with in association with locomotor ataxy 
and disseminated sclerosis. 

Secondary atrophy is the term used by moat authors 
to signify an atrophy due to some injury or disease of 
the nerve or retina ; common causes are pressure on 
any part of the nerve, embolism of the central artery 
of the retina, retinitis pigmentosa, choroido-retinitis, 
syphilitic retinitis, etc. 

ConEecntive or poBt-nenritic atrophy is due to the 
gradual destruction of the nerve fibres of the optic 
nerve following upon inflammation of the papilla. 

In atrophy the disc is usually very white, or in some 
cases grey, but the ophthalmoscopic appearances will 
vary considerably with tlie stage of the disease and 
its cause. The whiteness of the disc is due to degenera- 
tion of the nerve- fibres, together with the capillaries 
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which supply them. If a case of primary atrophy is 
seen when fairly advanced, with the indirect method 
the disc will appear intensely white, with well-marked 
margin ; the latter being rendered very distinct by 
the shrinking of the nerve-fibres, which exposes 
the sclerotic ring. With the direct method the white 
may be less marked ; in fact, it may be of a bluish- 
white colour or grey, the stippling produced by the 
perforations of the lamina cribrosa being usually very 
distinct. As the optic nerve shrinks no decrease takes 
place in the size of the disc, but a depression of its 
surface is gradually produced, forming what is known 
as the atrophic cup. This cup is always shallow, 
while the vessels can be seen to slope gradually 
down to the bottom of the disc. When the 
atrophy is of a consecutive character, as in cases 
of papillitis, the atrophy may be spoken of as 
post-papillitic. The ophthalmoscopic signs indi- 
cating this condition are, badly defined disc-margin, 
vessels somewhat tortuous and diminished in size, 
with a white line extending along some of them ; 
little or no cupping is present, while some remains 
of organised material may be seen about the disc, 
or covering sojne of the vessels. With the direct 
method the disc has often a strikingly opaque 
appearance. 

Atrophy of the optic nerve may commence in any 
part of its course between the optic chiasma and the 
eye, extending in either direction from the point first 
attacked. 

Atrophy following retinitis pigmentosa produces a 
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waxy-looking dist'j while the vessels arc often very 
small. 

Vei-y great differencoa in sight wilt be found in 
optic atrophy; some may have very white discsand 
yet retain fair vision, while others have extremely bad 
vision and yet the discs may not be very white. 
Sometimes the margins of the disc are a safe guide 
to the cause of the atrophy, while at other times thia 
is not the case. 

2. Alterations in Btufaoe level. — Although the disc is 
spoken of as the papilla, it is really but very slightly 




raised above the general level of the fundus. The disc 
may be depressed so as to form a cup, of which there 
are three kinds: (1) the j>Iiyswlogical cup; (2) the 
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atrophic cup; (3) the glaucoma cup. The disc may 
be raised as in papillitis. 

Tke physiological cup ia a congenital condition, and 
was mentioned on p. 81. This cup is cone-shaped, 
and is formed by the aeparaRon of the nerve-fibres 
which spread out to form the retina, its chief aod 
important characteristic being that it does not involve 
the whole disc. The cup is usnally the whitest part 
of the disc, because it contains few nerve-fibres, and 
is therefore less vascular ; it occupies more or less the 
centre, and when deep, allows the details of the lamina 
cribrosa to be seen. 

PiQ. 65. 




The illustration of a physiological cup (Fig. 64) 
was drawn from life ; it is an exceptionally large one. 
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lacking almost to the edgo of the disc on the temporal 
|«de, and being excavated on the nasal side, which is 
nnuaualj the stippling of the lamina cribroaa is well 
seen. 

The atrophic cup involves nearly the whole disc, but 
is shallow, and formed by a very gradual slope from 
the disc margins. The vessels can be traced down the 
Clip without any interruption. This form of cup is 
common in cases of primary atrophy. 

The glaucoma cup is produced by an increase of the 
intra-oeular pressure driving the nerve haclcwards, 







l:and displacing the lamina crihro=a The optic nerve 
Isntrance is the weakest part of the coats of the eye- 
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ball, and is therefore the part whicli givea way first 
to increased intra-ocular pressure. The essential 
characteristics of this cup are, that it involves the 
whole disc, is more or less excavated, and tlie vessels 
are pushed over to the nasal side of the disc. When 
these characteristics are well marked it is impossible 
to mistake them ; but in others when the cup is only 
forming, it is very easy to mistake it for one of the 
two preceding varieties. Besides, in some cases the 
two conditions may co-exist ; thus a case of glaucoma 
occurring in an eye with a well-marked physiological 
cup may be some time before it develops the cliiirac- 
teristics belonging to the glaucoma cup. 

With the indirect examination one will see, on 
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duG to tlio imago of tlie margin of the disc making a 
greater movement than the image of the bottom of 
the cup, ThuSj in Fig. 67, let a represent the edge 
of a glaucoma cup, and b the lower part of the same ; 
the image of a will bo formed at a, and b at b. On 
moving the lens c to d, b will move to b' and a to a' ; 
therefore the imago A, which represents the margin 
of the edge of the cup, will have made a greater 
movement than B, which is the image of the bottom 
of the cup. With the direct method a parallax may 
also bo seen. We may estimate the depth of the cup 
by the direct method, if we remember that 3 D. = 1 
mm.; first find the glass through which the edge of 
the disc is seen clearly, and then the glass through 
which the bottom of the disc is seen well defined ; 
for example, if the edge of the disc is seen clearly 
with a +2 D., whilst the lowest part of the cup 
requires —4 D., we should know that the cup was 
2 mm. deep. 

This deep excavated cup is found most marked in 
cases of chronic glaucoma. 

With the ophthalmoscope the vessels of the retina 
will appear to stop at the edge of the disc as they 
twist under the overhanging edge; they will be seen 
again at the bottom of the disc, only more or less out 
of focus. Other characteristics of the glaucoma cup 
are, that the vessels are pushed towards the nasal 
side, and frequently pulsation can be detected in the 
arteries. This pulsation will be found referred to on 
p. 125. 

Neuritis. — Inflammation may attack any part of 
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the nerve between the optic chiaama and the eye, 
and may, according to its location, be designated 
as papillitis (choked disc) when the disc is chiefly 
involved: papillo-retinitia when the retina is also 
implicated ; ■neuritis when the nerve itself is inflamed, 
and may then be either ascending or descending; 
retro-hulbar neuritis when the disease is behind 
the eye, affecting chiefly the central fibres of the 
nerve. 

A. well-marked case of papillitis produces the 
most characteristic ophthalmoscopic appearances, 
the disc being swollen and raised, somewhat like the 




1 apiUitis 

end of a champagne cork. In a simple case of 
neuritis the appearances are less marked. Neuritis 
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may exist alone or in conjunction with retinitis^ and 
may be caused by pressure on any part of the optic 
nerve; by brain mischief ; or by some general disease 
such as albuminuria, diabetes, syphilis, rheumatism, 
influenza, etc. 

No distinct line of demarcation exists between 
hyperaemia and inflammation of the disc, the one j 
passing imperceptibly into the other. Wlien tha | 
edge of the disc has become slightly indistinct, ac- 
companied by distinct swelling, papillitis may be said 
to have commenced. Papillitis may exist in varying ' 
degrees ; it is usually manifested by increased red- j 
ness, with swelling of the optic nerve, which fills up 
the physiological cup, and gradually raises up the j 
centre of the disc, sometimes to an enormous extent. , 
The swollen disc overlaps its edges, so that the * 
margins arc very ill-defined or quite lost, while the 
colour of the disc may be increased, being much the | 
same as the surrounding choroid. The disc margins i 
have a striated or woolly appearance, due partly 
to opacity and swelling of the nerve-fibres, and ^ 
partly to exudation of inflammatory material. The ' 
arteries may be diminished in size, and at places 
hidden from view by exudation ; the veins are dilated 
and tortuous, the bondings taking place not only in 
a lateral direction, but often in an antero-posterior 
plane, especially when the swelling is very great 
A few hsemorrhagea may be seen near the disc, 
radiating from it in the direction of the nerve-fibrea. 
This condition may be well seen by the indirect 
method, but the indistinctness of the disc margins i 
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and the difference in level of the swollen disc can 
best be appreciated by the direct method. The 
amount of swelling may be estimated if we remember 
that every 4- 3 D. means an increase in level of 1 mm. 
As the swelling diminishes shrinkage takes place, 
and the condition is liable to pass on to atrophy. 

Retro-bulbar neuritis is a variety of inflammation 
affecting the orbital part of the optic nerve ; it exists 
in two forms. The acute variety usually aflFects one 
eye only, and is due to pressure on some part of the 
optic nerve between- the chiasma and the globe, such 
as periostitis involving the optic foramen, haemorrhage, 
or effusion into the nerve-sheath. 

There is sudden loss of vision with pain in and 
around the orbit increased by movements of the eye 
or pressure on the globe ; the disc looks pale and 
opaque with blurred edges, while the retina is often 
slightly hazy and the light streak on the retinal 
vessels diminished. If the pressure is not too long 
continued complete recovery may take place ; in some 
a central scotoma is left, while in a few cases the optic 
nerve becomes atrophic. 

The chronic form of retro-bulbar neuritis is usually 
produced by some poison, most commonly tobacco ; 
it almost invariably affects both eyes, involving 
chiefly the central fibres of the nerve, so that the 
ophthalmoscopic signs are but slight. Sometimes the 
discs are congested in the first stage, afterwards 
becoming rather pale on the temporal sides ; there is 
usually a central colour scotoma present in both eyes. 

3. Changes in the margiii of the disc have already 
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been referred to under the diseases papillitis and j 
post-papillitic atrophy. In tha first condition the 1 
margin of the disc is often completely lost, as is shown I 
in J"ig. 68 ; in slight cases or in an early stage of the 
inflammation, the edge of the disc can still be made 1 
out, hut it has a woolly striated appearance, more 
marked at some parts than at others. In post-papil- ■ 
litic atrophy the margin of the disc is usually some- | 
what irregular, with disturbance and heaping up of , 
displaced pigment. 

The most common cause of change in the margin ' 
of the disc is, however, that produced by myopia, a 
crescent being formed on the outer edge. Myopia. 
is nearly always dno to an increase in the antero- 
posterior diameter of the eyeball. This increase in 
length is usually produced by a stretching of the ■ 
tissues at the hack of the eye ; the sclerotic bnlges 
at the point of least resistance, i. e. on the outer side 
of the optic nerve, between it and the macula, while | 
the choroid, instead of stretching with it, becomes 
dragged away from the disc margin, exposing a 
crescent- shaped portion of the sulerotic. In slight 
cases a mere increase of the sclerotic ring will be- 
come visible on the outer side of the disc ; while in 
high degrees of myopia the crescent may attain an 
enormous size, completely surrounding the disc and , 
extending a long way towards the macula, the broadest 
part of the myopic crescent being invariably out- j 
wards. This myopic crescent is occasionally seen in i 
cases of emmetropia, and even in liypermetropia ; here i 
probably the eye was originally hypermetropic, and 
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is on the high road to myopia, but the crescent be- 
comes formed before it has arrived at this condition. 
Sometimes it is not quite easy to distinguish the line 
of demarcation between the disc and the crescent ; 
frequently some traces of pigment are to be seen on 
the outer edge of the crescent. 

Congenital crescent was first accurately described 
by Fuchs under the name of coloboma of the nerve- 
sheath. It is not a very uncommon defect, and 
consists of a pale coloured crescent, with the broad 
part downwards ; in some cases there is difficulty 
in making out any division between the disc and 
the crescent. The congenital crescent is a part of 
the disc itself and not the exposed sclerotic, as in the 
case of the myopic crescent. The disc is darker in 
colour than usual, horizontally oval and sometimes 
misshapen ; frequently the crescent is staphyloma- 
tous; the eyes in which it is present have usually 
more or less astigmatism, with a visual acuteness 
below the normal. 

Opaque nerve-fibres is a congenital condition some- 
times met with. As a rule, when the nerve-fibres 
penetrate the lamina cribrosa they become divested 
of their medulla, passing on as transparent fibres; 
occasionally some of them retain their sheaths for a 
time after passing into the eye, or, having lost them 
at the optic nerve entrance, quickly regain them for 
a short distance. The patches of opaque nerve-fibres 
may be met with in various shapes and sizes ; perhaps 
the commonest form seen is that in which a tuft is 
present above and below the disc, extending from 
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near its margin upwards and downwards for 
distance on to the retina. Sometimes isolated patches 1 
are seen a short way from the disc. They are always * 
white and opaque-looking, somewhat flame-shaped 
with well-defined lateral margins and feathery ends, 
shading off gradually into the normal retina. The 
opacity occupies the anterior part of the retina, and 
may even hide the retinal vessels more or less com- 
pletely. When the patches are large, and extend a 
long way over the retina, they bend out towards the 
macula. Opaque nerve-fibres may exist in one or 
both eyes, and when once seen are not likely to be , 
mistaken for a patliological condition; their dense . 
white appearance, elongated shape, and feathery ends 
are quite characteristic. It may be mentioned that 
in the rabbit opaque nerve-fibres are the normal con- 
dition ; here they are arranged in two tufts extend- 
ing in a horizontal direction on both sides of the 
disc. Opaque nerve-fibres should be examined both i 
by the indirect and the direct methods. 

Connective tissue on the disc, — Some part of the disc - ' 
or its vessels is occasionally more or less obscured by t 
a small shred, band, or irregular mass of connective 
tissue; sometimes resembling a very small piece of 
cotton wool, just faintly blurring the vessels beneath 
it, at other times forming a very opaque white patch 
concealing a good portion of the disc and vessels. 
The condition is usually a congenital one, being 
the remnant of the fcetal hyaloid artery ; when not 
congenital it may be the organised remains of inflam- 
matory exudation poured out in papillitis. 
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I WILL now conclude this small volume by shortly 
recapitulating the plan of examination recommended ; 
which if carried out in the systematic manner sug- 
gested, should prevent any serious lesion escaping 
detection. 

1. With the oblique illumination inspect the cornea, 
lens, iris, and the anterior part of the vitreous. 
Notice if any opacity or irregularity of the cornea is 
present, and if its curvature appear normal. The 
aqueous should be quite transparent; the iris mov- 
able and free from adhesions. Adhesions may exist 
either between the iris and the cornea as a result 
of perforation, or between the iris and lens as a 
result of iritis. The lens should be perfectly trans- 
parent ; sometimes it will be found dislocated, either 
congenitally or the result of an accident. Pigment 
may be noticed on the anterior capsule; this has 
been torn from the posterior surface of the iris, and 
is evidence of previous inflammation of this tissue. 
Opacities may be detected in any part of the lens; 
when at the posterior pole the opacity appears to be 
further back than might be expected. The anterior 
part of the vitreous may contain blood, which may 
thus be detected ; or a growth ; or a very prominent 
detached retina may come into view. This examina- 
tion may be supplemented by a strong magnifying 
glass, or the cornea may be further examined with a 

10 
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+ 20 D. behind the ophthalmoscope, the observer 
approaching close to the patient. 

2. Next take up the large concave mirror, and 
reflect the light into the eye from a distance. Opaci- 
ties of the cornea and lens will then appear as black 
spots on a red ground. The cornea and lens being 
transparent, notice if any vitreous opacities are 
visible; these are usually floating, and can best be 
set in motion by directing the patient to look quickly 
up, then down, and finally straight in front of him. 
Should any vitreous opacities be detected, they may 
be further examined with a plane mirror and a + 8 
D. behind the ophthalmoscope. Nothing being de- 
tected in the vitreous, notice if the disc or any part 
of the fundus come into view. Should a vessel be 
seen, note if it appear to move with the observer's 
head, in this case it will be hypermetropic ; if it 
move against the movement of the observer's head 
then it will be myopic. Should a detachment of the 
retina exist, then, of course, this part will be very 
hypermetropic, and will answer the tests for that 
condition. If the detachment be transparent, then a 
vessel may be seen on the detached portion of retina ; 
the vessel will appear darker than usual, more tor- 
tuous, have a foreshortened appearance, and move 
with the undulations of the detached retina. 

3. Nothing being detected by the mirror alone, 
the large biconvex lens should be held up in front of 
the eye we are examining, while the light is still re- 
flected by the large concave mirror : thus one obtains 
an inverted image of the fundus. Notice first the 
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shape, size, and edges of the disc, whether well de- 
fined or blurred, whether cupped or otherwise. Dis- 
tinguish the arteries from the veins, and note if they 
be full, tortuous, or if pulsation is present ; whether 
clearly defined, or covered up in parts, and whether a 
line can be traced along the edge of any of the 
arteries; then examine the periphery by directing 
the patient first to look up, then down, and finally to 
either side. Attention must next be directed to the 
macula region. 

4. Examine the eye by the direct method, first the 
disc, then the periphery, and finally the macula re- 
gion, compare the result by this plan and the in- 
direct method. Estimate the refraction at the disc. 
When any patches of pigment, exudation, or haemor- 
rhages are found, we must decide whether they are 
retinal or choroidal. 

5. Finally notice the refraction of the patient by 
retinoscopy. 

When the observer has time, a sketch may be 
made of the disc. Nothing improves the powers of 
observation so much, or leads to such accuracy, as 
making a drawing of what is really seen ; every detail 
must then necessarily receive considerable attention. 



A TABLE OF THE ENLARGEMENT OF THE 
OPHTHALMOSCOPIC IMAGE. 



Inverted ima^e Upright proportion 
+ 13 D. image. ^oportion. 



with + 13 D. image 

Emmetropia 5*2 ... 20 ... 1 to 4 

Hypermetropia (axial) of 12 D. 7 ... 18*4... 1 to 2-6 

Myopia (axial) of 12 D. ... 43 ... 30 ... 1 to 7 
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physiological, 80, 135 



Detachment of retina, 117 
Deviation, angle of, 9 
Diabetic retinitis. 111 
Direct examination, 53 

positions for, 54 
Disc, optic, 79 

anaemia of, 131 

atrophy of, 132 

hypersemia of, 131 

image of, 41 

inflammation of, 138 

size of, 79 
Disseminated choroiditis, 102 



Embolism of central artery, 123 
Emergent ray, 7 

Estimation of refraction by reti- 
noscopy, 66 
by the direct, 62 
Euphthalmine, 33 



Examination, methods of, 32 

direct, 53 
Examination, focal illumination, 
36 

indirect, 41 



Floating opacities, 40, 93 
Focal illumination, 36 
Focus, anterior, 10 

conjugate, 4, 10 
negative, 10, 15 
principal, 6, 14 
virtual, 5 
Formation of images, 17 
Fovea centralis, 78, 124 
Frost's artificial eye, 34 
Fuchs, 143 



Glass, index of refraction of, 7 

magnif3ring, 31 
Glaucoma cup, 136 
Glioma of the retina, 128 
Guttate choroiditis, 129 

H 

Haemorrhage, choroidal, 105 
into nerve- sheath, 124 
into vitreous, 93 
macular, 113 
retinal, 112 
subhyaloid, 113 

Hsemorrhagic retinitis, 113 

Helmholtz, 23 

Homatropine, 32 

Hyaloid artery, 89, 97 

Hypersemia of choroid, 98 
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Hyperaemia of disc, 131 

of retina, 122 
Hyphsema, 87 
Hypopyon, 87 

I 

Illumination, focal, 36 
Images, formation of, 17 

real, 20 

virtual, 18 
Incident ray, 7 
Index of refraction, 7 

of cornea, 8 

of glass, 7 
Indirect examination, 41 
Inflammation of the choroid, 99 

disc, 138 

retina, 110 
Inverted image, 18, 41 
Iridodialysis, 88 
Iris, 88 

K 

Keratitis, 86 

punctata, 86 



Lamellar cataract, 89 
Lamina cribrosa, 80, 135 

vitrea, 107 
Lens, 88 
Lenses, 11 

biconcave, 11 

biconvex, 11 

converging, 11 

diverging, 11 
Leucocythsemic retinitis, 110 
Lutea maciQa, 78 



M 

Macula lutea, 78 
Macular haemorrhage, 113 
Magnification by the direct 
method, 57 

by the indirect method, 51 
Magnifying glass, 31 
Methods of examination, 32 
Mirror, concave, 26, 38 

for retinoscopy, 31, 67 

plane, 26, 67 

tilted, 26 
Morton's ophthalmoscope, 28 
Mydriatics, 32 
Myopia, 105 
Myopic choroiditis, 104 

crescent, 105, 142 

N 

Nerve, optic, 79, 130 
Nerve-fibres, opaque, 143 
Neuritis (see Papillitis), 138 

retro-bulbar, 141 
New vessels in vitreous, 97 
Normal fundus, appearances of, 74 
varieties of, 75 



Objective lens, 31 
Oblique illumination, 36 
Opacities, corneal, 86 

floating, 40, 93 

vitreous, 93 
Opaque nerve-fibres, 143 
Ophthalmoscope, 21 

demonstrating, 31 

Morton's, 28 
Optic disc, 79 
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Optic nerve, 79, 130 
Optics, 1 



Papillitis, 139 
Parallax, 119, 137 
Physiological cup, 80, 135 
Pigmentation, changes in, 115 
Pigmentosa, retinitis, 115 
Plane mirror, 26, 67 
Positions for direct, 54 

for indirect, 42 
Primary atrophy, 133 
Principal angle, 8 

axis, 9 

focal distance, 9 

focus, 6, 14 
Prisms, 8 

Pseudo-glioma, 128 
Pulsation, arterial, 125 

venous, 126 
Punctata, keratitis, 86 
Purulent choroiditis, 101 



Bays, 1 

Beal image, 20 

Reflection, 2 

by a concave surface, 3 
by a convex surface, 6 
by a plane surface, 2 

Refraction, 6 

by a plane surface, 7 
by a prism, 8 
by a spherical surface, 9 
by lenses, 11 
estimation of, 62, 66 
index of, 7 



Retina, 76, 109 

detachment of, 117 

glioma of, 128 
Retinal haemorrhages, 112 

pigmentation, 115, 116 

vessels, 121 
Retinitis, 111 

albuminurica, 110 

diabetic, 110 

leucocythsemic, 110 

pigmentosa, 115 

proliferans, 128 

septic, 110 

syphilitic, 110 
Retinoscopy, 66 
Ring, choroidal, 81 

sclerotic, 81 
Rupture of choroid, 106 



Sarcoma of choroid, 107 
Sclerotic ring, 81 
Secondary axes, 12 

optic atrophy, 132 
Senile choroiditis, 105 
Septic retinitis, 110 
Shadows in retinoscopy, 68 
Sparkling synchysis, 95 
Subhyaloid haemorrhage, 113 
Suppurative choroiditis, 101 



Thrombosis of central vein, 124 
TUted mirror, 26 
Tubercle of choroid, 106 
Tyrosin, 94 
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VariationB in the size of image, 

45 
Varieties of the normal fundus, 

74 
Yenons pulsation, 126 
Vein, central, 82 

thrombosis of, 124 
Vessels, central, 82 

cilio-retinal, 84 



Vessels, retinal, 82, 121 

Virtual focus, 5 
image, 18 

Vitrea, lamina, 107 

Vitreous, 92 

air-bubbles in, 96 
haemorrhage into, 
new vessels in, 97 
opacities, 93, 100 



PRINTED BY ADLABD AND SON, LONDON AND DOBKING. 



i 



J. & A. CHURCHILL 



Recent 
Works 

for 

Students 

and 

Practitioners 

of 

Medicine. 



7, Great Marlborough Street. 



INDEX. 

a Anatomy. Physiolog:}'. 

3 Materia Med lea. Phar- 

macy. 

4 Hygiene. Bacteriology. 

5 Pathology. Psychol- 

ogy. Dictionaries. 

6 Medicine. 

7 Medicine. 

8 Surgery. 

9 Surgery. Anaesthetics. ) 

10 Neurology. Urinary ^ 

Disorders. 

11 Midwifery. Gynteco- 

logy, MedlcalJuris- . 

prudence. ; 

13 Ophthalmology. ', 

13 Otology. Pediatrics. ' 

Dentistry. 

14 Tropical Diseases. 

Dermatology. 

15 Chemistry. Physics. 

16 Microscopy. Miscel- 

laneous. 



FREE ON . . . 
APPLICATION. 

I. Complete Catnlogiue 
a. CHlalosue of Scleno 






Anatomy ^ Physiolog^y 



Human Anatomy : a Treatise by various Authors. 

Edited by Henry Morrib, M.A., M.B.Lond., F.R.C.S., Sur^on to, and 
Lecturer on Sur^arery at, the Middlesex Hospital. Third Edition. 846 
Illustrations, of which 267 are in several colours. 30s. net. 

A Manual of Practical Anatomy. By the late Pro- 
fessor Alfred W. Hughes, M.B., M.C.Edin., Professor of Anatomy, 
Kinf^'s College, London. Edited and completed by Arthur Keith, M.D., 
Lecturer on Anatomy, London Hospital Medical College. In three parts. 
20«. 6^. 

Heath's Practical Anatomy: a Manual of Dissec- 
tions. Edited by J. Erxeht Lane, F.R.C.S., Surgeon and Lectnrer on 



which 32 are coloured. 12*. 6d. 



Elements of Human Physiolog^y. By Ernest H. 

Starling, M.T)., F.R.C.P., F.R.S., Jodrell Professor of Physiology in 
University College, London. Seventh Edition. 321 Illustrations. 12s.net. 

An Introduction to Physiology. By L. A. Hodgkinson 

Lack, M.B., Ch.B. Sn. net. 



\ 

f 

\ 



Anatomy at St. Mary's Hospital. Ninth Edition. 321 Engravings, of ) 



Clinical Applied Anatomy; or, The Anatomy of 

Medicine and Surgery. By Charles R. Box, M.D., F.R.C.P.Lond., \ 
Physician to Out-patients, St. Thomas's Hospital, and W. McAdam 
Eccleh, M.S.Lond., F.R.C.S.Eng., Assistant Surgeon, St. Bartholomew's 

Hospital. Illustrated by 45 Plates, of which 12 are coloured, and 6 Figures ) 

in the Text. 12s. 6d. net. \ 

Essentials of Surface Anatomy. By Charles E. ^ 

Whittaker, L.R.C.S., L.R.C.P., etc.. Demonstrator of Anatomy, Sur- \ 

geons' Hall, Edinburgh. 2». Qd. net. f 

Human Osteolog^y. By Luther Holdbn. Eighth ) 

Edition. Edited by Charles Stewart, F.R.S., Conservator of the ) 

Museum R.C.S., and Robert W. Reid, M.D., F.R.C.S., Regius Professor ) 

of Anatomy in the University of Aberdeen. 50 Lithographic Plates and ) 

74 Engravings. 16». \ 

By the same Author. 
Landmarks, Medical and Surg:ical. Fourfch Edition. 



3». 6d. ) 

f 
) 



Essentials of Physiology. By D. Noel Paton, M.D., 

B.Sc, Lecturer on Physiology, School of Medicine of the Royal Colleges, 

tJdinburgh. Illustrated. Human, Second Edition, 12». net. Veteri- ) 

nary, 12ir. net. S 

Physiological Chemistry. By Charles E. Simon, ; 

M.D. Second Edition. 1 in. net. S 



Methods of Morbid Histolog:y and Clinical Patho- ; 

logy. By I. Walker Hall, M.T)., Lecturer and Demonstrator in Patho- { 

logy. Victoria University, and (t. Hkrxheimer, M.D., Prosector to the (^ 

St idtisches Krankenhaus, Wieslwden. 9». net. / 

--^- -^"--J 8c A. CHURCHILL ^- 



O 



Materia Medica ^ Pharmacy 



A Text- Book of Materia Medica. By C. E. Marshall, 

M.D., Professor of Materia Medica and Therapeutics in the tJuiveraity 
of St. Andrews. 127 Ilhistrations. 10». Qd. net. 

Materia Medica, Pharmacy, Pharmacolog:y, and 

Therapeutics. By W. Halk Whitk, M.D., F.R.C.P., Physician to, and 
Lecturer on Medicine at, Guy's Hospital. Ninth Edition. 6». Qd. net. 

Southall's Org:anic Materia Medica. Edited by John 

Baecla-t, B.Sc.Lond. Sixth Edition. Adapted to the B.P. of 1898. 7». 6d. 

An Introduction to the Study of Materia Medica. 

By Heicby G. Gbeeicish, F.I.C., F.L.S., Professor of Pharmaceutics 
to the Pharmaceutical Society. 213 Illustrations. 15». 

( By the same Author. 

The Microscopical Examination of Foods and 

' Drugs. 168 Illustrations. 10». Qd. net. 

Also, with Mr. Eugene Collin. 
An Anatomical Atlas of Vegetable Powders. 138 

Illustrations. 128. Qd. net. 

Practical Pharmacy. By E. W. Lucas, F.I.C, F.C.S. 

\ 28.3 Illustrations. 128. Qd. 

The National Standard Dispensatory. By H. A. 

Hare, B.Sc , M.D., and others. 478 Illustrations. 31s. Qd. net. 

) Medical and Pharmaceutical Latin for Students of 

) Pharmacy and Medicine By Reoiitald R. Bknxktt, Pharmacist and 

) Teacher of Pharmacy at University Collejfe Hospital, London. 6«. net. 

} A Companion to the British Pharmacopoeia. By 

) Peter Wyatt Squire, F.L.S., F.C.S. Seventeenth Edition. 12$. Qd. 

I By the same Author. 

\ Pocket Companion to the British Pharmacopoeia. 

) Leather, 78. 6^. net. A I SO 

) The Pharmacopoeias of thirty of the London Hos- 

} pitals. Seventh Edition. Q$. 

The Pharmaceutical Formulary : a Synopsis of the 

( British and Foreign Pharmacopoeias. By Henry Beasley. Twelfth 

Edition by J. Oldham Braithwaite. G$. Qd. 

By the same Author. 
The Druggist's General Receipt- Book. Tenth 

Edition. 6«. 6d. 

The Book of Prescriptions (Beasley), with an 

Index of Diseases and Remedies. Rewritten by E. W. Lucas, F.I.C, 
F.C.S. With an Introduction by Arthur Latham, M.D., F.R.C.S. 
} Eighth Edition. 5«. net. 

) Tuson's Veterinary Pharmacopoeia, including the ( 

(^ Outlines of Materia Medica and Therapeutics. Sixth Edition. Edited ^ 

) by James Baynk, F.C.S. 7«. 6rf. net. ) 

' Year- Book of Pharmacy: containing the Trans- ( 

(^ actions of the British Pharmaceutical Conference. Annually, 10*. c. 




of MUilnry HygdaBfl in llie HtuB MBdical CdUdho. Gecona Bdillon. 
IB Flauit null 13* olbEF llIuBIrationB. SS,. 

Manual of Hygiene. Bv W. H. Hamer, M.D.. D.P.H.. 

F.R.C.P., Lactnrer on Pnbl'lc Hesltli, St. BarthulnniDw'B Hospital, 
AHsiatHnt Medirail OfHcsr of Healtb ol the AdminlfltmtEvB County 0( 
Lona™. 83 Iliqstiutlona. 12<, 6il. net. 

A Handbook of Hygiene and 5anitary Science. B7 

Geo. WiLBDB, M.A.. MD., LL.n., D.P.H.rnBili. Medical OmcBr rf 
Hoaltli (or Miil-Wivra-ickshire. Einhth aiition. lllnstratort. lii. Oi. 

The Effect* of Borax and Boric Acid on the Human 
A Simple Method of Water Analysis, especially 

M.D.Vic, D-ScLomf., D.P.H.CBmlj. riflh Eaili.io, onlm^, 2: Od. 

By the same Author, 
The Examination of Waters and Water Supplies. 

in Plates and II FiRi.resin Ihe Tejt, I-lf. net. 

Also, with Arthur E. Porier, M.D., M.A.Cantab. 
Preservatives in Food and Food Examination. 

A Manual of Bacteriology, Clinical and Applied. 

By RiCHino T. Hewlett, M.D,, Professor of GenaiiiL Pft«i()loBy and 
BooterinlOEj in King's Onllem, Londoii. Socnna Rilil^on. 20PlBMaBnd 
Bfl Pigiirea in the Tail. 12<. M, 

By the same Author. 
Serum Therapy, Bacterial Therapeutics, and 

Clinical Diagnostic Bacteriology, including Serum- 
ami Cjtn-diagnoBiB. B,y Ai.fbbd (.'. (.'oi.es, M.D., D.Sb., F.R.S.E. 



i 







■.BE in the s'tatl' Medii 


*1 CoUest 


i. Major E 




opupbiol-la 








Lessons 


in Disinfection and 


Sterilisation 


Elema 




w of BacCerioloKy- Wi 


111 Eiperti 


nsiita. B) 













Li- 



J. * A. CHURCHILL 



) 



Pathology ^ Psychology 

Dictionaries 



Pathology, General and Special, for Students of 

Me<licine. By R. Taxskk Hkwi.ktt, M.I»., F.K.CP.. IMMI., Pn.fosM.r 
<>f Genenil Patlioloj^y ami Hactcrioloiry in KiiiirV C'olIi'Lt*, F*i)iiil«ni. lis 
Plates aud 13 IlluKtrationH in Text. Pont nvo. lon. (W/. net. 

A Manual of General or Experimental Patholofcy- 

Uy W. 8. LAZAKUri-bAULOW, M.I)., F.R.C.P., Diroctor of the Camtr 
Roflearch Tjalx)nitorieH, MiddlcMvx I{(rs|)ital. Second Kditiciii. 21i'. net. 

By the same Author. 

The Elements of Pathological Anatomy and Histo- 
logy for Studeuts. 7 Coloured PlateH nud 171 FiKuren in the Text. 
24*. net. 

Surs^cal Pathology and Morbid Anatomy. By 

AMTnoiTT A. BowLBr, F.R.C.S., Surureon to St. Harthohiniew's Hospital. 
Fourth Edition. ISO Kufrravinjrs. 10«. Or/. 

The Pathologist's Handbook: a Manual for the 

Post-mortem Room. Uy T. N. Kei.ynack, M.l). 12»J llhistraiions. 
Pegamoid, 4a. Qd. 

Psychological Medicine : a Manual of Mental 

Diseases. By Maukice C'kaig, M.A., M.l)., F.R.C.P., Phy-sieian und 
Lecturer on Mental Diseancs, Guy's llosintal. 22 I'latc.s. 12v. M. net. 

Mental Diseases: Clinical Lectures. Bv T. S. 

• 

Clouktok, M.D., F.R.('.P.Edin., Ijccturer on Mental l)iw4ises in tlie 
University of Edinburgh. Sixth Edition. 3U Plates. 1 U. net. 

The Mental Affections of Children: Idiocy, Imbecility, 

{ and Insanity. By Wm. W. Iuklaxd, M.D.Edin. Seeoml Kditiun. 21 

Plates. 14>. 

The Force of Mind; or, the Mental Factor in 

Medicine. By Alfred T. Scuofikld, M.D., Hon. I'hy^ioi'in to Fricden- 
heim. Hospital. Third Edition. oi. net. 

By the same Author. 
Unconscious Therapeutics ; or. The Personality of 

the Physician. Second lOdition. 5j. net. 

Also 
The Management of a Nerve Patient, ox. net. 
The Journal of Mental Science. Published Quarterly, 

by Authority of the Medico-Psychnlojjrical Association. 5j«. 

A German -English Dictionary of Terms used in 

Medicine and the Allied Sciences. By Hugo Laxo, B.A., and Beutuam 
Abkahams, M.B., B.Sc, F.R.C.P. \o». net. 

Dunglison's Dictionary of Medical Science. By 

( Thomas L. Stedman, A.M., M.l). Twenty-tliinl Edition. 577 Illiistra- 

/■ tions, including 81 paffe-plates. .'U«. net. 

\ A Medical Vocabulary. By R. Gr. Mayne, M.D., LL.D. 

Sevcntli Edition, bv W. AV. w!igstaffk, R.A., F.R.C.S., and G. D. 
( Paukeu, M.B. 12». (id. 



6 ' - -.' J. & A. CHViROHWA- 



^ ^.^ *.-''•_-' ■» i^"<..' 



Medicine 






A Text- Book of Medicine. Begun by the late C. / 

Hilton Fagge, M.D. j completed and re-written Tjy P. H. Pyk-Smith, ) 

M.D., F.R.S. Fourth Edition. 2 vols. 42». ) 

Manual of the Practice of Medicine. By Frederick ' 

Tatloe, M.D., F.R.C.P., Physician to, and Lecturer on Medicine at, ) 
Guy's Hospital. Seventh Edition. Hlustrated. 15«. net. 



A System of Clinical Medicine for Practitioners 

and Students, giving an account of the Diagnosis, Prognosis, and Treat- 
ment of Disease. By Thos. D. Savill, M.D., M.R.C.P. In 2 vols. 
4 Coloured Plates, and 286 Figures in the Text. Vol. I : Local Diseases 
and Pyrexial Disorders, 12j.6d.net; Vol. II: Diseases of the Skin, the 
Nervous System, etc., Sn. Qd. net. 

A Short Practice of Medicine. By Egbert A. 

Fleming, M.A., M.D., F.R.C.P.E , F.R.S. E., Lecturer on Practice of 
Medicine, School of the Royal Colleges, Edinburgh; Assistant Physician, 
Royal Infirmary, Edinburgh. Illustrated, partly in colour. 10«. erf. net. 

The Practice of Medicine. By M. Charteris, M.D., 

Professor of Therapeutics and Materia Medica in the University of 
Glasgow. Eighth Edition. Edited by F. J. Charteeis, M.B., Ch.B. 



\ 



/ 



Illustrated. 10*. \ 



/ 



Student's Guide to Medical Diagnosis. By Samuel 

Fknwick, M.D., F.R.C.P., and W. Soltau Fenwick, M.D., B.S. Ninth { 
Edition. 130 Engravings. 0«. \ 

Text- Book of Medical Treatment (Diseases and ^ 

Symptoms). By Nestob I. C. Tibakd, M.D., F.R.C.P., Professor of the ( 
Principles and Practice of Medicine, King's College, London, 16*. ( 

^ A Manual of Family Medicine and Hygiene for c 

/ India. Published under the Authority of the Government of India-. By ( 

) Sir William J. Moore, K.C.I.E., M.D, Seventh Edition revised by Major ( 

\ J. H. TuLL Walsh, I.M.S. 70 Engravings. 6$. net. 

The Blood : how to Examine and Diagnose its > 

Diseases. By Alfkkd C. Coles, M.D., D.Sc, F.R.S.Edin. Third 
Edition. 7 Coloured Plates. 10j». 6rf. net. 

Lectures on Medicine to Nurses. By Herbert E. 

Cuff, M.D., F.R.C.S., Medical Superintendent, North-Eastem Fever ■ 
Hospital, London. Fourth Edition. 29 Illustrations. 3^. Orf. 

How to Examine the Chest : a Practical Guide for 

the use of Students. By Samuel West, M.D., F.R.C.P., Physician to St. 
Bartholomew's Hospital. Third Edition. 46 Engravings. 5». 

Ulcer of the Stomach and Duodenum. By Samuel 

Fknwick, M.D., F.R.C.P., and W. Soltau Fenwick, m!d., B.S. 55 
TlhistnitionK. lOn. Gd. 

O J & A. CHURCHILL « 6 



o 



*- " X, ^ s ^ 



Medicine 



By the same Authors. 
Cancer and other Tumours of the Stomach. 70 

Illustrations. 10«. 6d. 

On Carbohydrate Metabolism, with an Appendix on 

the Assimilation of Carbohydrate into Proteid and Fat, followed by the 
Fundamental Principles and the Treatment of Dialietes dialectically 
discussed. By Frbdkkick W. Pavy, M.D., LL.D., F.R.S., F.R.C.P., Con- 
sulting Physician to Guy's Hospital. With 8 Plates. Demy 8vo. 6s. net. 

The Schott Methods of the Treatment of Chronic 

Diseases of the Heart, with an account of the Xauheim Baths, and of the 
Therapeutic Exercises. By W. Bszly Thounk, M.D., M.R.C.P. Fifth 
Edition. Illustrated. 6«. net. 

The Clinical Examination of Urine, with an Atlas 

of Urinary Deposits. By Lindlsy Scott, M.A., M.D. 41 original Plates 
(mostly in colours). 15«. net. 

Urinary Examination made easy: a Method of 

Examining Urine, with the common Tests fully described. By Thomas 
Cabkutherh, M.B., Ch.B. Is. 6d. net. 

Some Disorders of the Spleen. By Frederick Taylor, 

M.D., F.RC.P., Physician to, and Lecturer on Medicine at, Gu^'s 
Hospital ; Examiner in Medicine at the University of London. Limuileian 
Lectures delivered before the Royal College of Physicians, London. 
3». net. 

Rational Organotherapy, with Reference to Urose- 

miology. Translated from the Russian Text by Professor Dr. A. von 
PoEHL, Professor Prince J. von Takchanoff, Dr. Alf vox Poehl, and 
Dr. P. Wachs. Vol. I. 8vo. 7««. 6rf. net. 

On Gallstones, or Cholelithiasis. By E. M. Brockbank, 

M.D.Vict., M.R.C.P.Lond., Honorary Physician to the Ancoats Hospital, 
Manchester. 7s. 

Obstinate Hiccoug:h : the Physiolo^, Patholo^, 

and Treatment, based on a collection of over 150 cases from British and 
Foreign Works. By L. F. B. Knuthsen, M.D.Edin. 6«. 

On 5yphonag:e and Hydraulic Pressure in the Lar^e 

Intestine, with their Bearing upon the Treatment of Constipation, 
Appendicitis, etc. By Ralph Winnington Leftwich, M.D. 3». net. 

Uric Acid as a Factor in the Causation of Disease. 

By Alexander Haig, M.D., F.R.C.P., Physician to the Metropolitan 
Hospital and the Royal Hospital for Children and Women. Sixth 
Edition. 75 Illustrations. 15«. 

By the same Author. 
Uric Acid, an Epitome of the Subject. Second Edition. 

28. Qd. net. 

Also 
Diet and Pood considered in relation to Strengfth. 

and Power of Endurance, Training, and Athletics. Sixth Edition. . 2s. net. 



-^ ■«. .-^■*.-^'« ,'' ^.^ '"_X"V-'^ 



Surgery 



The Operations of Surg^ery : intended for use on the 

Dead and Living Subject alike. By W. H. A. Jacobsok, M.Ch.Oxon., 
F.R.C.S., Surgeon Guy's Hospital, and F. J. Steward, M.S.Lond., 
F.R.C.S., Assistant Surgeon, Guy's Hospital. Fourth Edition. 2 vols. 
650 Illustrations. 42s, 

Surgery : its Theory and Practice. By William J. 

Walbham, F.R.C.S., Surj^on to St. Bartholomew's Hospital. Ninth 
Edition, by W. G. Spekcer, F.R.C.S., Surgeon to the Westminster 
Hospital. 62U Engravings (including 24 Skiagrams). 18«. net. 

The Operative Surgery of Maligfnant Disease. Bj 

Henry T. Butlin, F.R.C.S., Surgeon to St. Bartholomew's Hospital. 
Second Edition. 12 Engravings. 148. 

Surgical Pathology and Morbid Anatomy. By 

Akthony a. Bowlby, F.R.C.S., Surgeon to St. Bartholomew's Hospital. 
Fourth Edition. 186 Engravings. 10«. 6d. 

A Manual of Surgical Diagnosis. By James Bebby. 

B.S.Lond.j F.R.C.S., Surgeon to, and Lecturer on Surgery at, the Royal 
Free Hospital. 0». net. 

A Synopsis of Surgery. By E. F. Tobin, Surgeon to 

St. Vincent's Hospital, Dublin, Second Edition. Interleaved, leather 
binding. 6*. Qd. 

Heath's Manual of Minor Surgery and Ban- 
daging. Thirteenth Edition. Revised by Bilton Pollakd, F.R.C.S., 
Surgeon to University College Hospital. 198 Engravings. 6«. net. 

By the same Author. 
Injuries and Diseases of the Jaws. Fourth Edition. 

Edited })y Hexky Percy Dean, M.S., F.R.C.S., Assistant Surgeon to the 
London Hospital. 187 Woo<l Engravings. 14». 



Also 
Clinical Lectures on Surgical Subjects delivered at 

University College Hospital. Firist Series, 6j». ; Second Series, 0». 

An Essay on the General Principles of the Treat- 
ment of spinal Curvatures. By R. Heather Bigg. Illustrated by 
PhotographK and Sketches. Gn. net. 

J. &, A. CHURCHILL 8 



5urgery Ansesthetics 



The Surg^ery of the Alimentary Canal. By Alfred 

Ernest Matlakd, M.B.Lond. and B.S., Senior Surgeon to the Victoria 
Infirmary, Glasgow. 27 Svvuntyi)e Plates and 89 Figures in the Text. 25». 

By the same Author. 
A Student's Handbook of the Surg:ery of the Ali- 

mentnrj' Canal. 97 Illustrations. 8». 6d. 

Also 
Abdominal Pain: its Causes and Clinical Sig:nifi- 

cance. Second Kdition. 7«. 6rf. net. 

Clinical Essays and Lectures. 67 Howard Mabsh, 

F.R.C.S., Professor of Surgery in the University of Caralmdge, late 
Surgeon to St. Bartholomew's Hospital. 26 Illustrations. 1*. 6d. 

Ovariotomy and Abdominal Surgery. By Harbison 

Ceipps, F.R.C.S., Surgical Staff, St. Bartholomew's Hospital. Numerous 
Plates. 25». 

Diseases of the Thyroid Gland and their Surgical 

Treatment. By James Berry, B.S.Lond., F.R.C.S., Surgeon to the 
Royal Free Hospital and Lecturer on Surgery at the London School of 
Medicine for Women. 121 Illustrations. 14j». 

Hare -lip and Cleft Palate. By E. W. Murray, 

F.R.C.S., Surgeon, David Lewis Northern Hospital, late Surgeon, Liver- ( 
pool Infirmary for Children. 25 Illustrations. 3». 

Modern Bullet- Wounds and Modern Treatment, ) 

with Special Regard to Long Bones and Joints, Field Appliances and ') 
First Aid. Part of the Alexander Essay for 1903. By Major F. Smith, '\ 
D.S.O., R.A.M.C. 3*. net. \ 

Surgical Emergencies : together with the Emer- ) 

gencies attendant on Parturition and the Treatment of Poisoning. By ' 
Paul Swain, F.R.C.S., Surgeon to the South Devon and East Cornwall 
Hospital. Fifth Edition. l-iO Eiigravings. 6j«. \ 

The Accessory Sinuses of the Nose, their Surgical ; 

Anatomy and the Diagnosis and Treatment of their Inflammatory i 

Affections. By A. Logan Turner, M.D.Edin., Surgeon for Diseases of / 

the Ear and Throat, Deaconess Hospital, Edinburgh. 81 Illustrations. ) 

12». net. \ 
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On the Development and Anatomy of the Prostate 

Gland, with an Account of its Injuries and Diseases and their Surgical 
Treatment. By W. G. Richardson, M.B., B.S., F.R.C.S., Assistant 
Surgeon at the Royal Infirmarj-, Newcastle-on-Tyne, Assistant Demon- 
strator of 0])erative Surgery at the University of Durham College of 
Medicine. Heath Scholarship Prize Essay. 47 Plates. 10«. (W. net. ) 

Chloroform: a Manual for Students and Practi- 
tioners. By Edward Lawrie, M.B.Edin., Lieut.-Col. I.M.S., Residency 
Surgeon, Hyderabad. Illustrated. 5«. net. 

A Guide to Anaesthetics for the Student and General 

Practitioner. By Thomas D. Luke, M.B., F.R.C.S., Edinburgh. Third 
Edition. 43 Engravings. 6«. net. 
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' Neurology ^ Urinary Disorders 



Paralysis and other Nervous Diseases i 

Rwpttn] (or Pamlywd &i 

A Manual of Diseases of the Nervous System. 

By giE Wit.iiihK. Gowibs, U.D.. F.R.B. 

Vol. I.— Nerves and Spinal Cord. Third Edition, by 

Che Author B4ni J.XES T.noB. M.tl.. F.R.C.P. IBH JhiCTavingH. lU. 

ToL. II. —Brain and Cranial Nerves : General and 

FnncLloual DiMiiseB of the Nervoiia System. SeconiL Edition. 18! Kn- 
6y the same Author. 
Clinical Lectures on Diseases of the Nervous System. 



Epilepsy and Other Chronic Convulsive Ois^iases: 

their CnnseH, Sjinptnina. gntl TreaMuent. Secnncl Editinn. lOi. 8d, 

Text-Book of Nervous Diseases lor Students and 



Selected Papers on Stone, Prostate, and other 

tTriniiiT Disordera. By HtsiBiio H.phbok, F.H.C.8., aur^reuu l-i St. 
Peter's HuBpiial. IB lUuattationB. S.. 

Obscure Diseases of the Urethra. Bv E. Huret 

FcKWTCS, F.K.O.S., Surge.in to the I.iinrluu HoapitFil.' fl:! Illuatr»t.ODB, 

By the Bame Aulhop. 
Obscure Diseases of the Kidney, the Value of Ureteric 

■ ■ -■ nil Tnmtment. Batwd on 4M Majm: 

i Tumours of the Urinary i 



Opemtiuiu un the Kidne; 



Tumours of the Urinary Bladder. Fas. I. 5s. net. 
Ulceration of the Bladder, Simple, Tut>erculous, and 

liiiliBTiRut : n ClimcHl Stud)-. lllitttralLil. 5,, 

31 PlatfiB and 



Atlas of Electric Cystoscopy. 34 Cnloured Plates. 
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Midwifery ^ Gynaecology 
Medical Jurisprudence 



Manual of Midwifery, including: all that is likely to 

be requued by StudentH and Practitioners. By Alpkrd L. Galabin, 
M.A., M.l)., F.R.C.P., ('onsultini? Olwtetric Phytsician to (iny'H HoHpital. 
Sixth Edition. 329 En^ravin^'H. ltje.net. 



Manual of Midwifery. By T. W. Eden, M.D., 

^ C-.M.Bdin., F.R.C.P.Ijond., AHaistant ObMtetric Physician and Tjectureron 

S Practical Midwifery, Charing Cross Hospital. 28 Plates and 233 Illustra- 

v tions in the Text. lOn. tW. net. 

A Short Practice of Midwifery, embodying the 

Treatment adopted m the Rotunda Hospital, Dublin. By Hkxry Jkllrtt, 
M.D., B.A.O.Dub., Ex-Assistant Master, Rotunda Hospital. Fourth 
Edition. 152 Illustrations. St. M. 

By the same Author. 
' A Short Practice of Midwifery for Nurses, with a 

Glossary of the Medical Tenns used in the Book. Second Edition. 
4 Coloured Plates and 131 Illustrations. Gk. 6^. net. 

Essentials of Obstetrics. By J. W. Ballantyne, 

M.D., F.R.C.P.E., P.R.S.K., Examiner in Midwifery in the University 
/ of Edinburgh. 5«. net. 

A Short Manual for Monthly Nurses. Byi»CHABLEs 

J. CuLLiNGWORTH, M.D., F.R.C.P., Obstctric Physician to St. Thomas's 
Hospital. Fifth Edition. It. 6rf. 

Diseases of Women. By Alfred L. Galabin, M.A., 

M.I)., F.R.C.P., Consulting Obstetric Physician to Guy's Hospital. 
Sixth Edition. 284 Engravings. IQ». net. 

A Short Practice of Qynaecolog^y. By Henry Jellett. 

M.l)., B.A.O.Dub. Second Edition. 22.'> Illustration.**. 10*. 6rf. 

Essentials of Gynaecology. By J. W. Ballantyne, 

M.D., F.R.C.P.E., F.R.S.E., Lecturer on Midwifery and Diseases of 
Women and Children in Surgeons' Hall, and in the Medical College for 
Women, Edinburgh. 5». net. 

Outlines of Qyn£ecoloj;>:ical Patholog:y and Morbid 

Anatomy. By C. Hubekt Roberts, M.D.Lond., Physician to the Samar- 
itan Free Hospital for Women. 151 lUiistraticms. 21». 

Lectures on Medical Jurisprudence and Toxicolog:y. 

By Feed. J. Smith, M.D., F.R.C.P., Tjccttirer on Forensic Medicine and 
Toxicologj' at the London Hospital. 7$. Orf. 

Medical Jurisprudence : its Principles and Practice. 

By Alfred S. Taylor, M.D., F.R.C.P., F.R.8. Fifth FIdition, by Fred. 
J. Smith, M.D., F.R.C.P., Lecturer on Medicine at the London Hospital. 
2 vols. 30 Engravings. 369. net. 
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ophthalmology 



Nettleship's Diseases of the Eye. Sixth Edition. 

Revi»cil iiNd E.iilied bj W. T. Hoi.m!« Spmiiii, M.B., F.R.C.fi., Oph- 

tliiiltiju' .Siirifoou u> Bl. BfiFtbolumew's Hospital { SnrgeoD to the RiQvl 
Loniiim Uplitlmlmlc HoapltiU, Ifll BngTBvings and a Colonred. Piste 



Medical Opbtfaalmoscopy : 

By Wici-UB B. GownRH, M.B., 
Edited nitli the aeBiHtaiii<e ut Mauci 
the Hoj-al London OplilbalDiic; Hmi 



Manual and Atlas. 

l-C.P., P.R,3r Fourth Kditlou, 
, AutotjpePlatoaandWuodcuta. 



Manual of Ophthalmic Surgfery and Medicine. By 
Practical Handbook of Disea^e^ of the Eye. By D. 

Cbii.hekh WiTsnx, M.R.. Ophlhalinic PhyBidao, Marshall SlTBet IHb- 
petieary, Bdinbui^h. Secutid Eililiou. 9 (lolauied Plateaand 31 Ftgurea 

Diseases of the Eye: a Practical Handbook for 

GeuenU ProclitlDnen) Bnil SludeiitB, By Cecil Edwibh Saiff, M.D., 
M.Ch., Ophllmlmio Bureeim to Oie Ulster HoBpito! tor Ohildron sua 
Women, BeltUEt. With a TeM-Cacufur UoluurBlmdneae. Ut. 6d. 

Refraction of the Eye: a Manual for Students. 

OrlithBlmic HmpiCal. Fonrteeiitli'Edjtluu. 109 IllQstratioas, also Test- 



By the s 



s Aothor. 



I ( Ocular Therapeutics accordinj^ to the most Recent 

I 1 Diaravflriea. By Dr. A. D.ai«». TwinslatErl by Hybbit 9tihiik»os, . 



Elementary Ophthalmic Optics, including Ophthal- 



Royal London Ophthalmic Hospital Reports. B; the 

Nodical auil ButHieal staff. Vol. XVI, Part IV. 6.. net. 

Ophthalmological Society of the United Kingdom. 
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otology ^ Paediatrics ^ Dentistry 



Diseases of the Ear, including: the Anatomy and 

Phygiolopry of the OrK»Ti, tosrether with the Tmitiiioiit of the AiToctioiiM 
of the Noae and Plmi^iix which comhico U> Auml l)iHt»Hm» ih TiviitistO. 
By T. Mark Hovf.ll, Senior Aural Sunre<»n to thi» TiOiidoii llospitiil, ami 
Ijecturer on DiseaHes of tlic Tliroat in tlie C'ollciri'. Second K<litioii. 
128 Engravings. 21r, 

The Diseases of Children. By Jamks F. Goodhakt, 

M.T)., F.R.C.P., and G. F. Still, M.I)., F.U.r.P., I'rofrssor of the 
Diseases of Children, Kind's College. Kighth Kdition. I2f. M. net. 

The Wasting Diseases of Infants and Children. By 

EusTA.CE Smith, M.D., F.R.CM*., Physician to the KiuL' of the Helginny, 
and to the East Loudon Ho»])itftl for ChiMren. Sixth Kditiou. «»«. 

On the Natural and Artificial Methods of Feeding: 

Infants and Young Children. By Kdmvnd C.MTt.KY, M.D., PhysiciKn to 
the Belgrave Hosi)ital for Children. Sect)nd Kditiou. 7^. M. 

Dental Anatomy, Human and Comparative: a 

Manual. By Chaklks S. Tomes, M.A., F.R.S. Sixth Edition. 28G 
EngravingH. 12*. 6rf. net. 



By the same Author. 
A System of Dental Surgery. By Sir John Tomes, 

F.R.S. Revised by (.5. S. Tomks, M.A.," F.R.S. , and Wai/ijir S. 
XowKLL, M.A.OxoN. Fifth Edition, 31S Engravings, lo^*. net. 

Practical Treatise on Mechanical Dentistry. By 

Joseph Richakdsox, M.D., D.D.S. Seventh Kdition, revised and edited 
by George W. Warkex, D.D.S. 690 Kugravings. 228. 

Decay in Teeth : an Investig:ation into its Cause 

and Prevention. By J. Sim Wallace, M.D., D.Sc, L.D.S.R.C.S. Second 
Edition. 6«. 

A Manual of Dental Metallurgy. By Ernest A. Smith, 

Assay Office, Sheffield. Second Edition. 33 iflustrations. 6«. 6rf. 

Dental Materia Medica, Pharmacology and Thera- 
peutics. By Chakles W. Glassingto>', M.R.C.S., L.D.S.Edin. ; Senior 
Dental Surgeon, Westminster Hospital ; Dental Surgeon, National Dental 
Hospital, and Lecturer on Dental Materia Medica and Therapeutics to 
the College. 6». 

. ,...^,^^ -J ^ A. CHURCHILL >^4 



Tropical Diseases ^ Dermatolog^y 



The Malaria] Fevers of British Malaya. Br 

Hahiliux WmoHr.M.D. {Mi:GiLi.). DireFIorof the Inali lute foe Medinil 
KdKiircli, Fe<letatei1 »nln)' aisles. Uup and Charts. 3i. net. 

By the same Author. 
The Etiology and Pathology of Beri Bed. Willi 

MnpntxlChiirtn. 3>. net. 

Befl-Beri: its Symptoms and Symptomatic Treat- 



By the same Author. 
Extracts from the above. Is. 6d. net. 
On the Causes and Continuance of Plague in Hong 

Koan, with SoifgeBliima oe tn RemcdiA^ MeHhnr^s ; ^ Bflport preeentad ta 
tbe SecFctan-ot BHW for tlie OoluiueB. By W.J. Biupson, M,D.. P.R.C.P. 

Nnmitmna ("hnrlji nnil Tliiurnlmn Ini. Tipt 
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A Manual of Diseases of the Skin, with an Analysis 



By tliename Autl.o.'. 
The Diagnosis and Treatment of Eczema. Second 
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Chemistry Physics 




284 En^rraviiifirs. iHn. net. 

The Elements of Chemistry. By M. M. Pattisow Muir, 

M.A., Fellow and Praelector in CheiniKtrj of (ionville an»l (^aiuH CnlleKe 
Cambridge. Illnstraceil. l()f. 6^. net. 

The Analyst's Laboratory Companion : a Collection 

of Tables and Data for (-hemiKtrt and Students. Hy Alfkkd E. Johxmox, 
B.Sc, F.I.C. Third Edition. C». 6rf. net. 

Commercial Org:anic Analysis : a Treatise on the 

Properties, MiKles of Assaying, Proximate Analytical Kxamination, etc., 
of the various OrKanic ('hemical« and Products employed in the Arts, 
Manufactures, Medicine, etc. By Alkueu H. Allkn, F.I.C. |_Prosi)ectu8 
on api)lication.] 

Volumetric Analysis; or, the Quantitative Estima- 
tion of Chemical Substances by Measure. By Fkascih Sirrox, F.C.S., 
F.I.C. Ninth Edition. 121 En^ravinffs. 2«)»«. net. 

A Manual of Chemistry, Theoretical and Practical. 

By William A. Tildkn, D.Sc, F.R.S., Professor of Chemistry in the 
Royal College of Science, London. 2 Plates and 1 W Woodcuts. lO*. 

Valentin's Practical Chemistry and Qualitative and 

Quantitative Analysis. Edited })y Dr. W. R. Hodokinsox, F.R.S.E. 
Ninth Edition. 9«. (The Tables separately, 2j». M.) 

A Handbook of Physics and Chemistry, for the 

first examination of the Conjoint Board. By Hkkbekt E. Cokbin, 
B.Sc.Lond., and Akchibald M. Stewart, B.Sc.Loud. Third Edition. 
165 Illustrations. fl»«. 6rf. net. 

A Treatise on Physics. By Andrew Gray, LL.D., 

F.R.S., Professor of Natural Philosophy in the University of Glasgow. 
Vol. I. Dynamics and Properties of Matter. 350 Illustrations. Ion. 

Practical Chemistry and Qualitative Analysis. By 

Fkaxk Clowes, D.Sc.Ix)nd., Emeritus Professor of Chemistry in the 
]/ University College, Nottingham. Seventh Editon. 101 Engravings. 8». 6rf. '' 

Quantitative Analysis. By Frank Clowes, D.Sc.Lond., 

and J. Berxaud Colemax, R. C. Sc. Dublin; Professor of Chemistry, 
South-West London Polytechnic. Seventh Edition. 125 Engravings. 10», 

; By the same Authors. 

Elementary Practical Chemistry. Fifth Edition. 

• Part I. General Chemistry. 75 Engravings. 2«. 6d. net. 

Part II. Analytical Chemistry. 20 Engravings. 2*. 6d. net. 

' Introduction to Chemical Analysis. By Hugh C. H. '( 

Caxdt, B.A., B.Sc, F.I.C, Lecturer on Chemistry in the London Hos- { 
' pital Medical College, Analyst to the London Hospital. 3». Od. net. / 

Researches on the Affinities of the Elements and ) 

V on the Causes of the Chemical Similarity or Dissimilarity of Elements ) 

and Compounds. By Geoffrey Maetix, B.Sc.Lond. Illustrated. 16». net. \ 
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Vol. II. TlieMici 

The Microtomist's Vade-Mecum: a Handbook of 
The Quarterly Journal of Microscopical Science. 

Sm»«i J. Hiensosj M.AI; F.s'b" EachNuiulwr, liw. 

Manual of Botany, in two Vols. By J. Keynoldb 

Geiss, So.D., M.A., F.R.S., Ptotesaor of Botany tu tha Phnniiiicimlital 

Society. 

"" l._I\ Morphology and Auatouiy. Third Edition. 778 KnifravinHa. 

By the same Author. 
An Introduction to Vegetable Physiolog:y. 184 

lllmtrotions. \ta.M. 

Therapeutic Electricity and Practical Muscle Test- 

inc- Br W. S. HtBLH, M.D.. iu chiLrBe nf tha Elei'lni-llierftpeiitic 
Department of tbe Ixmdon Hospital. 110 lIlu^trHtious. Nt. M. 

A Handbook of Medical Climatology, embodying 

its PntiC'iplen and Tlierapeutlc Application, nitb Soientiac SnU of tbs 
chief litnlth Kesorta ot the WorLd. By S. Kewib Soli.t, M.D., M.H.C;.8., 
.„._ t)., .M„. ..t .!.„ < j_,p ClimBtologiCBl AMntiation, Enj^rnvinj-s 



About Dreaming, Laughing, and Blushing;. By Sir 
St. Thomas's Hospital Reports. By the Mtidical aud 
Guy's Hospital Reports. Bv the Medical aad 8ui>rical 

Staff. Vol. XLV. Tliird Series. n«. ai. net. - 
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